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Arch Library Storage Device Overview 


The Arch Library is a DVD-sized data storage device to archive humanity’s most important 
information in space. The Arch can be made of any number of layers of pure nickel (NI), where 
each layer is 40um thick (see illustration below). The layers will be composed of human readable 
analog information and/or digital content in DVD format. Nickel as an element is highly resistant to 
oxidation, tolerant to extreme temps, and makes an ideal archival carrier for information. 


Each layer is etched to using nano-optical lithography (“nanofiche”) to inscribe the information onto 


the nickel device. The recording process is done in a class 100 clean space. 


The process starts with an optically clean and flat round glass substrate. This substrate is spun 
coated with a 150 nm layer of photosensitive film and cured. In the interim, the analog or digital 
data is prepared using proprietary encoding system to create a continuous stream of modulation to 
feed the recording laser. The recording system spins the glass substrate at 3600 RPM and translates 
it relative to the recording beam with 1 angstrom precision using an optical ruler for feedback 
control. 


After recording, the substrate is developed with a laser feedback system to optimize the nano- 
structures for read back. The substrate is put under vacuum at 2x10“-6 mbar and sputtered with 
Nickel in an Argon gas plasma. Once done, the metallized glass is put into a nickel bath to 
electroform a pure nickel layer transferring the recorded data. 


A 40-micron thick nickel shim or foil is then created and then laser cut to 120 mm squares with a 
20mm radius at each corner. Each layer will each have a D41.3mm hole cut out to allow any gas 

to escape from package and to reduce weight. If there is more than 1 layer, to prevent slippage of nickel 
foils in high vibrational conditions, the inside hole of the stack is taped with %” Kapton tape at four 
corners. Each layer will also have 12 corner mounting holes 3mm in diameter that can be used for 
mounting with wire ties or stitching. A thin Epoxy resin fastens the inner edges of all the layers. 


The layers are taped together with 1 mil thick 1 inch wide Kapton polyimide tape with % inch onto 
the substrate and % overhang with sticky sides together. Any exposed adhesives will be trimmed. 
After trimming, the 11 mm Kapton overhang can be used to sew the device onto the vehicle blanket. 


The entire device will be depresurized by containment in a vacuum chamber pumped down to 2 x 10 
4-6 mbar for 24 hours. 


The package is then vacuumed sealed and packaged for delivery. 


To retrieve the recorded information, an optical scope is used to read the analog portion and a DVD 
playback device is used to read the digital information. It is anticipated that the analog information 
will be used as a primer to provide the means to decode the digital information. The digital 
decoding scheme is listed here in this document under ECMA-267 spec. 
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TOP VIEW 


(CC) www.archmission.org 


Kapton polyimide tape around perimeter 

taped on both sides sticky to sticky. 

12mm taped to data package 

11 mm overhang trimmed to remove exposed adhesive 
Can be used to sew onto blanket 


3 mounting holes 
at each corner for wire ties 
3mm diameter 


1/2" Kapton 
tape at center 
to prevent 
slippage of 


nickel foils Center Hole 


145 mm 


(D41.3mm) 


Nickel Foils 
containing 
digital and 
analog data 





<<< rm —____ 


SIDE VIEW 


Kapton taped d perimet 
SR Bes SS Pe 1.5 mil Mylar protective film 


eA 








Stack of 25 layers of nickel 


1/2" Kapton at A thin film of epoxy 
four sectors resin is between 
the inner edge of 
each pair of layers 


Thickness: 1.36 mm 


Total weight 100 grams 


Arch Mission Foundation — Technical Specification 


Interface Control Document (ICD) 


Mechanical Interface: 

o Digital and Analog data are written on 40 micron thick nickel foils. 

o Nickel is cleaned with IPA and Acetone then spun dried. 

0 Each individual foil is cut with a laser then cleaned with IPA. 

o Eachof the nickel layers is made as a 120mm square with a 41.3mm diameter 
center hole. A Mylar protective film goes on top of the entire stack. 

o The nickel layers and the Mylar stack is taped on the top and bottom outer edge 
using 1” Kapton tape with 0.5” on and 0.5” off the stack. 

© The edges where the tapes are stuck sticky sides together are trimmed (1/8”) to 
remove any exposed adhesive and any trapped bubbles are pierced. 

o Final package will be a single substrate 145mm square 1.5 mm thick plus a 11mm 
overhang on the outside perimeter made up of 2 layers of Kapton taped sticky sides 
together. 

o The overhang area can be used to sew into a thermal blanket. 

o Three 3mm diameter fastening holes are provided at each corner going through 
nickel foils and Kapton tape to wire tire package if needed. 

o Sample is made under class 100 cleanroom and will be assembled under class 
10,000. 


o Size: 145 mm x 145 mm x 1.50 mm (assuming 25 layers of nickel foils) 
o Total Mass: weighing 94 grams not including any grounding wires. 
= Nickel foils — 3.6 grams X 25 pieces (foils) = 90 grams 
=» Mylar —0.8 grams x 1 piece = 0.8 grams 
= Kapton strips total — 3.2 grams (8 outside perimeters and 4 for inside hole) 
© Package to be handled by the Kapton taped edge only. None of the nickel foils are 
to be touched. 
Thermal Interface: Device can sustain temperatures of -269C to 400C (Kapton’s spec). 
Weakest component is Kapton tape. Nickel can handle much more extreme environment. 
Etched data in nickel integrity has been tested up to 300C to be completely readable. No 
active thermal control is required. 
Electronic & Software Interface: None. One 2-stranded 26 gage bare wire will be attached 
to the nickel back surface and one to the top surface to provide grounding. 


Environmental Testing & Qualification 
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Thermal Qualification: Validation by similarity, Los Alamos environmentally tested writing on 
nickel at high temperature (300C) and found no degradation up to the longest test time of 
65h as measured by SEM at 20,000X 

Mechanical Qualification: No moving parts. Structure is tightly held together by Kapton 
tape 10mm onto nickel and 10mm Kapton to Kapton sticky sides together. 

Outgassing: Nickle is known to not have outgassing in vacuum. Etching is done in a clean 
room (1:100 environment and assembled in 1:10,000 therefore no biological specimen is 
expected to be found on the Arch. 


e Depressurizing: Sample will be kept in vacuum chamber at 2x10*-6 mbar for 24 hours. 


Handling During Transportation, Storage & Spacecraft 
Integration 


e During transportation the Arch will be stored in vacuum seal that will guarantee no 
contamination. 

e The transportation device is not to be open outside a clean room. 

e During integration process, do not touch the main face of the disk, only the rim. 

e Michael Paul and Armin Ellis have reviewed and approved the design. 
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NanoRosetta® Technology Archival Document 
Specification 


NanoRosetta® Technology is a patented technology to create nanometer surface features with very 
high resolution up to 300,000 dots per inch. This technology has a wide myriad of applications 
including but not limited to diffractive optical gratings, digital holographic security features, 
nanometer to millimeter feature archival documents, archival jewelry containing thousands of 
photos to just a few, micro channels used in microfluidics, micro-filters, micro-circuit, and 
microelectromechanical systems. 


Our system utilizes a round photosensitive substrate rotating at high speed while translating with 
nanometer precision allowing a single beam laser to record billions of diffractive elements on the 
scale of several hundred microns to build images and patterns of any size depending on the 
application. These features are then replicated onto a nickel plate for long term archival or 
converted into a polymer substrate that can be replicated by the thousands or millions for 
economical mass applications. 


Why adopt NanoRosetta® for permanent archival preservation? 


e Nickel has a much longer life span than microfilm, up to thousands of years. 

e Nickel is resistant to high temperatures, water damage, and electromagnetic disruption, 
eliminating the need for expensive control of temperature and humidity. 

e Noneed for future migration of digital data, as long as a microscope (lenses) and light (sun) 
are available. 

e High speed recording of analog data, preserving more documents in a much shorter time. 

e High density, reducing precious storage space. 

e Nomore energy cost to store mass amounts of information. 


What file formats can | submit? 
Both digital and analog data can be combined on single substrate. 


In analog archival storage, the goal is to create an optimal readable features that can comfortably be 
recovered at 400X to 800X optical resolution. The resolution of the original documents should be 
prepared at 150 to 600 dpi depending on the user preference. Preferred format for original 
documentation is in pdf format. These files will be parsed and formatted in an xy grid or in a polar 
layout. It is recommended that an xy coordinate be used to facilitate quick access based on an 
indexing system as determined by the user. On the most fundamental level, a sequential paging 
system can be indexed by rows and columns if they layout is based on a matrix. Using sucha 
system, a curated English Wikipedia can be printed in a few days and the resulting book can be held 
with two fingers. The analog files will then be converted and combined into larger files that can 
then be compiled for recording by the NanoRosetta® process. 


For digital information, customer documents or files to be stored should be provided in a DDP (Disc 
Description Protocol) format either as a CD or DVD format. An ISO image file can also be accepted. 
We can also facilitate nickel version of BluRay as well but this will be outsourced. 
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Since both the analog and data information compete for the same space on the wafer, there is a 
trade off on how much of each data can be stored. 


We also have same holographic authentication features as one on Microsoft and Intuit discs, 
embedded into each archive to make sure each copy has been certified. 


Page Capacity 

A small number of pages printable in a large format or a large number of pages printable in 
nanometer scale can be etched utilizing the NanoRosetta©® process. Ten thousand pages or more 
would not be unusual. A 160 mm nickel wafer can hold up to over 250,000 pages. Since there are 
always tradeoffs in reduction to practice, larger fonts and larger texts will reduce the number of 
pages but will be easier to access and recover with lower resolution optical devices. In some cases, if 
the pages are large enough, an entire book can be recovered with a single high resolution digital 
camera image capturing all the pages. The pages can be parsed out by software codes, page by page, 
to get the entire book back within minutes. 


Layout 


Since the NanoRosetta© process utilizes a round wafer to direct laser etch, the layout follows the 
contour of polar coordinates. To maximize the capacity of a disc, the pages are laid out in a matrix 
from any direction left to right, top to down to fill the contour of a disc. Alternatively the pages can 
be laid out in blocks to correspond to any logical configuration that would facilitate ease of retrieval. 
For example, a block can hold 8,000 pages of a book or annual publication. A group of such blocks 
can preserve an entire collection. 


The matrix can accommodate up to 500 columns and 500 rows of document pages per plate. In this 
configuration the physical size will span up to 50 mm x 50mm square. Inthe center a10to 15mm 
square is reserved to record the indexing or cataloguing system table of contents. The result is a 
disc that has the recorded human readable analog information laid out in a square or circular 
format. 


If Digital data in CD or DVD format are included with the analog format on the same disc, the digital 
data will be stored from radius 20mm up to radius area needed to store the analog data. 


Speed 


Up to 80,000 pages per hour. 


Wafer or Plate Size 


Standard wafers are provided on either a round 160 mm or 138 mm diameter nickel wafer at 300 
microns thickness. Typically, if the wafer contains digital data there is a 25 mm diameter blank circle 
in the center of each nickel wafer and a hole of 15mm diameter is punched for alignment. Though 
wafer versions can be provided with no center hole, data cannot be inscribed in the central area of 
the wafer. Data also is not written right to the edge either to allow for some margins of error in the 
manufacturing process. A practical edge should be from radius 10mm to a maximum of 60mm of 
nano inscribed data. Specialty shapes can also be provided. 
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Alternatively 120 mm CD sized plastic discs can be produced. For the plastic CD discs, a larger 
limitation is imposed for space due to the injection molding process. The center blank area is 36mm 
and reduces the amount of space that analog data can be printed. 


Turn Around Time 


Operations time depends upon how the data is presented and the quantity of pages or files 
submitted by the customer. For the first inscriptions onto the glass premaster approximately 80,000 
pages per hour can be written. Making the nickel masters can take several hours. The most time 
consuming element in the NanoRosetta® process is the preparation, organization, manipulation and 
rendering of the data prior to the recording process. Once the rendered master file has been 
compiled, the manufacturing process takes much less time. 


Recovery Quality 


Optimal and practical recovery of recorded human readable data should be done at an optical 
resolution of 400x to 800x. The better quality the objective lens, the better the signal to noise for 
recovery. 


Here is an example of text recording recovered with optical microscope at 800x. The fringes are 
additional security features that can be added to the text to verify authenticity. Recovery is currently 
done with a scanning microscope similar to ones used in microelectronic wafer scanners. The texts 
are then optical character recognized and stitched to recover the recorded information. In areas not 
associated with text, such as images, they scanned images are placed next the reference text. 


ENGLISH | love you 





Copies 
On nickel, multiple copies of the original can be made for a nominal fee and created for same day 
delivery once the master has been made. 


The data submitted for recording are kept for an indeterminate amount of time and can be returned 
to customer upon request. 


If desired polymer version of the information can also be made in larger quantities of 100 or more. 
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Testing 


To ensure integrity of the recording, we submit every sample to be tested by AFM to verify the 
recording density has been properly achieved. We have also enhanced our process to create better 


contrast so the letters secondary other surface layers still will provide contrast to the base layer for 
better recovery on an optical microscope. 
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Los Alamos National Labs Tests the HD- 
Rosetta 


Los Alamos Labs tested the HD-Rosetta and issued the following report: 


Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by 
the University of California for the U.S. Department of Energy under contract W-7405-ENG-36. By 
acceptance of this article, the publisher recognizes that the U.S. Government retains a 
nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or 
to allow others to do so, for U.S. Government purposes. The Los Alamos National Laboratory 
requests that the publisher identify this article as work performed under the auspices of the U.S. 
Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a 
researcher’s right to publish; therefore, the Laboratory as an institution does not endorse the 
viewpoint of a publication or guarantee its technical correctness. 


Please note: Because of limitation involved with preparing images for the Web, the images in 
this document are not as sharp as in the original. 


A Survey of the Environmental Degradation Resistance of the 
HD-Rosetta Data Storage Disc 


LA-UR-99-0441 

January 31, 1999 

Jennifer A. Lillard 

Materials Science and Technology Division 
Los Alamos National Laboratory 


Los Alamos, NM 87545 


Abstract 


The HD-Rosetta data storage disc exhibited good degradation resistance in 
elevated temperature air and a low corrosion rate in several aqueous 
environments. The disc examined, which contained thousands of pages of 
analog data in the form of microscopic images and text, was composed of a thin 
layer of nickel on a silicon substrate. The text was formed from a master during 
deposition of the nickel layer. Elevated temperature air was used to simulate fire 
conditions, and aqueous corrosion testing simulated several scenarios that could 
occur with a loss of the controlled storage environment. For temperatures up to 


300 °C (570 °F) and times up to 65 h in laboratory air, the text remained 
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readable. Exposures to saltwater, tap water, and a simulated marine air 
environment for 15 weeks did not affect readability of the text. The corrosion 
rate was measured as a function of time for seven days and was approximately | 
um per year, which suggested that the disc could survive a long time in the 
saltwater if the environmental conditions remained the same. However, these 
results cannot be extrapolated to very long times because chemical changes in 
the environment that may take place with time were not taken into account. 


Background 


The objective of this work is to examine the environmental degradation 
resistance of HD-Rosetta* discs, which are intended to provide long-term analog 
(image) data storage. Each disc is 2.2 inches in diameter and contains 
approximately 9000 pages of text or images. The discs are made by covering a 
silicon wafer substrate with a thin (~400 um) layer of nickel. The nickel layer, 
which contains the text, is formed from a master disc using an electroforming 
process. The height of the lines that make up the letters and images on the master 
disc is very small, less than about 100 nm. 


The results presented below simulate two possible scenarios: (1) fire conditions 
and (2) corrosive conditions that could arise in the case of a flood or if control of 
the storage atmosphere was lost. Heat treatment in air and aqueous exposure tests 
were used to simulate the two scenarios. Electrochemical testing was performed 
to measure the corrosion rate of the disc in saltwater. 


Experimental 


Test Disc 


The disc provided was a "mother" from Sanyo/Verbatim (#4). "Mother" 
indicates that the lines of text and images are recessed into the nickel layer. The 
disc was shiny and silver in color. Pages of text were visible to the naked eye as 
whitish rectangles on the disc. The text sequence was the first six pages of the 
Bible followed by a test pattern. This sequence was repeated over approximately 
half of the disk; the other half was blank. Experiments were conducted on 
portions of the disc that contained pages of text. 


Sample Preparation 
Samples were cut from the test disc using a slow speed saw that was cooled 
with a water-soluble cutting fluid. The disc was mechanically clamped at the 


edges, which did not contain text, and a diamond wafering blade was used to 
cut rectangular samples that were approximately 3 mm by 4 mm. Each sample 
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was ultrasonically cleaned in three solutions: (1) mild soap solution for 10 
minutes, (2) distilled water for 10 minutes, and (3) ethanol for 5 minutes. The 
samples were removed from solution using tweezers and dried with clean, 
compressed gas. Samples were then stored in airtight containers and examined 
under an optical microscope for cleanliness before testing. 


Metric 


Degradation was measured using several metrics. The first was overall 
appearance of the disc (e.g., visible oxidation of surface). Second, the text was 
examined optically at 400x magnification for microscopic damage and 1000x 
magnification for readability. Finally, scanning electron microscope (SEM) 
images were taken at higher magnifications to look for small changes in the text 
and test pattern. 


Corrosion Resistance 


Samples were exposed to saltwater, tap water, and a simulated marine air 
environment to qualitatively examine the corrosion resistance. The saltwater was 
a solution of 3.5% by weight sodium chloride made with distilled water, and the 
tap water was drawn from a tap at Los Alamos National Laboratory. For each 
environment, approximately 50 ml of solution was poured into a clean plastic 
250-ml jar. A test sample was placed at the bottom of the jar, and the jar was 
sealed. Marine air was simulated by pouring 50 ml of the saltwater into a jar, 
placing a smaller plastic container at the bottom of the jar, and setting a test 
sample on top of the smaller container so that it was exposed to the air but not the 
solution. The jar was then tightly sealed. A total of nine jars were prepared, three 
for each environment. The jars were left in the laboratory and samples were 
examined periodically. 


The polarization resistance method was used to calculate the corrosion rate of a 
disc sample exposed to salt water. This method relies on the fact that, at a given 
applied current, the degree of polarization is greater for a lower corrosion rate, 
and it is widely accepted due to the correlation between the theory and 
experimental observations. 


The polarization resistance was measured experimentally using the linear 
polarization technique, which is non-destructive. A detailed description of the 
experimental technique and derivation of the equations are given in Jones . 
Errors due to uncertainty in Tafel constants and nonlinearity of polarization 
curves were not accounted for because these errors were not expected 
significantly change the result . The tests were performed on a 0.3 cm” sample in 
the 3.5 % sodium chloride solution under quiescent exposure to air. 


Arch Mission Foundation — Technical Specification 14 


High-Temperature Oxidation Resistance 


An air furnace was used to simulate high-temperature conditions that might 
be encountered in a fire situation. Samples were heated to temperatures 
ranging from 100 °C (210 °F) to 550 °C (1000 °F) for times ranging from 24 
h to 65 h. 


Results 


High-Temperature Oxidation 


At temperatures of 100 °C (210 °F) and 300 °C (570 °F) there was little or no 
degradation of the disc for exposures up to the longest test time of 65 h. The 
sample surfaces remained shiny and in some cases had a gold tint. In all cases, 
the rectangles representing the pages of text were clearly visible. 


Optical microscopy at 1000x magnification (Figure 1) showed little difference 
between an as-received sample and one exposed to air at 300 °C (570 °F) for 24 
h. There were small changes in the coloration of the surface and some of the 
letters in the heat-treated sample, but these changes did not affect the 
readability of any of the text. This observation was confirmed by SEM 
examination, which revealed that the text and test patterns were practically 
identical for the two test conditions. Figure 2 shows an SEM image of the text 
at 20,000x magnification. 


At this magnification the sample exposed to 300 °C (570 °F) air for 24 h shows 
small spots on the letters, which may or may not be due to the heat treatment. 
However, the spots do not affect the readability and the edges of the letters do 
not appear to be rougher than the as-received sample. Pictures of the smallest 
test pattern are shown at 4500x magnification in Figure 3. There is no 
perceptible difference in the pattern for the as- received and heat-treated 
samples. The bulk surface of the heat-treated sample looks slightly different 
than that of the as-received sample, and it appears that some of the grain 
structure is visible. 


(a) 


Arch Mission Foundation — Technical Specification 15 





(b) 


Figure 1. Optical micrographs (1000x magnification) comparing the readability 
of text for (a) an as-received sample and (b) one exposed to air at 300 °C (570 °F) 
for 24 hours. 





(b) 


Figure 2. Scanning electron micrographs show that there is little difference in 
the quality of the text at 20,000x magnification for (a) an as-received sample 
and (b) a sample exposed to air at 300 °C (570 °F) for 24 hours. 





(a) 
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Figure 3. Scanning electron micrographs showing that there is no apparent 
difference in the quality of the smallest test pattern at 4500x magnification for (a) 
an as-received sample and (b) one exposed to air at 300 °C (570 °F) for 24 hours. 
A sample exposed at 300 °C (570 °F) for 65 h showed significant discoloration on 
some areas of the sample surface. At 20,000x magnification, very small patches 
(about 200 nm diameter) were observed at the edges of a small percentage of the 
letters. The patches were likely an oxide that resulted from the reaction of nickel 
with the oxygen in air at 300 °C (570 °F). All of the text was still readable as shown 
in Figure 4. 





(a) 

Figure 4. Scanning electron micrographs of a sample exposed to air at 300 °C 
(570 °F) for 65 hours show that (a) in some areas the text appears pristine and 
(b)in areas with discoloration, the discoloration of the sample does not affect the 
readability 

of the text. 


Readily observable degradation occurred when samples were exposed to air at 
450°C (840 °F) and 550 °C (1020 °F) for 24 h. During the 450 °C (840 °F) 
exposure an oxide formed on a few areas of the sample and destroyed the text in 
those areas. In regions not covered by the oxide, the text and test patterns were 
easily readable (Figure 5). After the 550 °C (1020 °F) exposure, an oxide layer 
covered most of the surface. Individual pages of text were visible to the naked 
eye, but the letters were unreadable under microscopic examination. In an inert, 
oxygen-free atmosphere, oxidation of nickel would be suppressed and 
degradation would be dominated by diffusion of nickel atoms to produce grain 
growth and smearing of the letters. Therefore, it would be expected that higher 
temperatures and longer times could be tolerated in an inert environment. 


Arch Mission Foundation — Technical Specification 17 





Figure 5. Scanning electron micrograph of a sample exposed to air at 450 °C 
(840°F) for 24 hours shows that the formation of an oxide layer renders parts of 
the text unreadable. 


Corrosion 


Samples were removed from the saltwater, tap water, and simulated marine air 
environments after 1, 2, and 15 weeks of exposure and then examined. Optical 
and scanning electron microscopy showed that none of the samples had 
corrosion pits and that the only discernable change in the quality of the text was 
a small amount of roughening of the bottom surface of the letters. Figure 6 
shows SEM micrographs taken after 15 weeks of exposure for the marine air 
environment. The condition shown in Figure 6 is representative of the condition 
of the samples exposed to saltwater and tap water. 





Figure 6. SEM micrographs of the disc sample exposed to the marine air 
environment showing that little degradation was observed for a 15-week 
exposure. The micrographs shown are representative of the condition of the 
samples exposed to saltwater and tap water. 
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The corrosion rate as a function of time, which was determined using the linear 
polarization resistance (LPR) method, is shown in Figure 7. The corrosion rate 
represents the thickness of material that is corroded away from the surface of the 
sample per year. Overall, the corrosion rate was low. During the first few days, 
the corrosion rate decreased and then stabilized to a value of less than 1 um per 
year (umPY). Near the end of the test, at approximately 7 days, the corrosion 
rate increased slightly, which may indicate that the long-term corrosion rate is 
somewhat higher. 


The LPR results, as well as microscopic observations from the exposure tests, 
suggest that corrosion of the bulk surface and the text occur at similar rates. If 
the corrosion rate were 1 umPY on the bulk surface but close to zero at the text, 
the text would become unreadable within several days because the depth of the 
text is very small. Furthermore, if the text corroded at a much higher rate than 
the bulk surface, the edges of the text would likely become distorted. Assuming 
that the 7-day test represents equilibrium conditions with a corrosion rate of | 
umPY in salt water and assuming the thickness of the nickel layer is uniformly 
400 um, the text should remain readable for 400 years. However, the 
assumption that the 7-day test represents equilibrium is overly optimistic. With 
time, the solution chemistry (e.g., pH) will likely change, and localized 
corrosion processes, such as crevice corrosion and pitting, may occur. Also, 
condensation and evaporation in a moist air environment will increase the 
corrosion rate. 


Summary 


The HD-Rosetta, an analog, data storage disc, was resistant to degradation at 
moderate temperatures in stagnant air. At times up to 65 h, little or no 
degradation occurred for temperatures up to 300 °C (570 °F). At 450 °C (840 °F) 
and higher oxidation of the nickel surface occurred, which rendered parts of the 
text unreadable. If the discs were stored in an inert gas atmosphere, it is 
expected that they would resist degradation at temperatures above 300 °C (570 
°F). 


Results of exposure and electrochemical tests indicate that the HD-Rosetta disc 
had a high resistance to corrosion in saltwater, tap water, and marine air. After 
15 weeks of exposure no pitting was observed for any of the environments, and 
the text appeared almost pristine. The corrosion rate n 3.5% sodium chloride, as 
calculated by linear polarization resistance during a 7-day test, was on the order 
of 1 um per year. Extrapolation of the corrosion results to very long times is not 
prudent because chemistry changes in the environment may cause localized 
corrosion. 
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Bruce Ha, Chief Scientist 


Founder and President 
Stamper Technology, Inc 
NanoRosetta, LLC 
232 Wallace Way 
Rochester, NY 14624 
(585) 247-8370 


www.stampertech.com 
www.nanorosetta.com 


bruce.ha@stampertech.com 


Stamper Technology developed NanoRosetta® technology with four US patents granted related to 
the high-speed creation of 300,000 dpi printing used in the fast creation of high-density security 
holograms and nano-features. The technology has been licensed to be used for all Microsoft discs 
such as Windows and Xbox games. The ability to print nano-features has also opened other 
opportunities in fields such as high-density archival documents, authentication security, as well as 
personalized nano time vaults. 


Founder and inventor of Stamper Technology, Inc and NanoRosetta, LLC, Bruce Ha possesses deep 
technological, R&D, statistical process control, and managerial knowledge through his associations 
with companies such as Rockwell Science Center, Hughes Aircraft, Raytheon, Pioneer Video Mfg., 
Technicolor and the Eastman Kodak Company. After having worked on missiles systems, Bruce 
spent two years in Japan on research and development of the Laser Disc format. Upon returning to 
the US, he worked on specifications committees to create the DVD format at Technicolor and 
developed the world’s first flexible optical trading card for Upper Deck. At Kodak, Bruce invented, 
developed and commercialized the Picture CD technology, which allows both pre-recorded and 
recordable areas to be combined onto a single disc. He also led the Kodak team to develop the write 
once SD memory specification. Additionally, Bruce led the teams to implement the ISO 9000 
standards for Pioneer Video Manufacturing as well as Technicolor Optical Media Services. 


A graduate of USC with a Bachelor’s of Science in Electrical Engineering, a minor in Business 
Administration, and a Master’s of Science in Electrical Engineering. As an inventor Bruce has filed 
for 19 patents, of which 11 patents have been issued including high-speed polar raster writing 
technology to create diffractive optical elements for use in the authentication of optical discs, nano- 
text engraving, and high-level security holographic technologies. 


In addition to his business focus, Bruce and his wife, Sarah, spend much of their free time with their 
three young daughters. They practice Taekwondo to build physical skill and mental discipline. Bruce 
enjoys martial arts and was an instructor at one time. At the age of 10, Bruce fled Vietnam with his 
family and eventually immigrated to the US. Through hard work and determination, he taught 
himself English and excelled in school receiving top honors. He is also fluent in four languages. 
Because of the adversity he faced, Bruce understands life’s challenges, and is therefore dedicated to 
his community by helping to alleviate poverty, promoting animal welfare and encouraging the 
advancement of youths in the fields of math and science. Bruce’s passion is to help endow the 
archive of humanity’s collected works to preserve human knowledge for many generations to come. 
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Michael Vincent Paul, Senior Mission Scientist 


708 Devonshire Drive State College, PA 16803 

c: (814) 574-3996 email: Michael. Paul@jhuapl.edu Secret Clearance with Top Secret eligibility 

Summary 

- Devoping strategic opportunities and new markets for applications of technology in space 

- Engaging with senior NASA executives at Headquarters, JPL, and other centers 

‘Meeting with National Space Council personnel to Exploring international opporutnities with major co 
arspsoesrsa tpioonlisc ya nddir necattiioonnal interests 

(Luxembourg) 

‘ Designing, building, testing, and operating space systems for 19 years 

Experience 

2017-present Mission Formulation Lead, Johns Hopkins Applied Physics Laboratory 

- Building strategic partnerships with new space companies 

‘Developing missions for solar system exploration and orbital science investigations 

- Developing technologies for power and propulsion systems to enable key planetary investigations 
2009-2017 Director of Space Systems Initiatives, Penn State's Applied Research Lab 

The Penn State Lunar Lion Project 

‘Led a team of students in their mission to land a spacecraft on the Moon 

‘Led fundraising efforts, including major gifts and foundation grants ($4.3M overall) 

‘Led engineering, design, development and testing effort for prototype propulsion landing system 

- Oversaw mutltiple hydrogen peroxide powered protoype vertical take-off and landing flights for 
100-kg rocket system 

Selected as NASA Innovative Advanced Concepts Fellow - 2011 

‘ Principal Investigator for unique power system development for extreme environments 

2001-2009 Space Exploration Systems Engineer, Johns Hopkins Applied Physics Lab 
Mission Development 

‘Led concept development for multiple Discovery mission proposals 

2004 MESSENGER Spacecraft Systems Engineer 

‘Led spacecraft engineering team during interplanetary cruise 

‘Led fligth anomaly correction and resolution activities 

‘Led critical planning activies through four planetary flybys 

2003 Messenger Lead Spacecraft Test Conductor 

‘Developed and executed integration and test procedures for multiple spacecraft subsystems 

‘Led system-level, mutlti-teired spacecraft safehold test program 

- Personally sent last command to MESSENGER spacecraft before lift-off on launch-day 

2002 Messenger Software Test Engineer 

- Generated automated test tools for dual string fault protection software 

‘Validated multiple flight software builds for multiple flight software images 

2001 CONTOUR Software Test Engineer 

- Tested command and data handling, fault protection, and guidance and control flight software for 
NASA comet exploration mission 

-- EDnelgiivneereerd oflnig cthal Is ofoftrw caorem emxeacnudt iavned c oddatea fhoar nudpllionagd s otoft 
wspaarec edcurarifnt g launch and early opertaions 

phase 

1999-2001 Systems Engineer, Orbital Sciences Corporation 

1999 - Designed wire harness for 5000 kg geostationary communication satellite 

- Detaled design of flight battery system for the same 

2001 - Developed Phase A system block diagram for James Webb Telescope instrument suite 
1996-1999 Satellite Design, Integration & Test Engineer, Hughes Space and Communications Co. 
1996 - Designed mechanical layout for 10,000 kg communication satellite, including delivery and release 
of formal engineering drawings for space qualified hardware 

1997 - Oversaw vendor during fabrication of 48 flight-read harnesses 

‘Validated same harnesses upon delivery to satellite manufacturing facility 

‘Integrated same harnesses on 12 separate communication satellites 

1998 - Integrated power generation and managment, guidance and control, telemetry and command, 
radio communications, and payload subsystems on same satllites. 

1999 - Tested same satellites in ambient conditions, through vibration testing, and in thermal vaccum 
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chamber 

Education 

Johns Hopkins University, MS Applied Physics, 2008 
University of Notre Dame, BS Aerospace Engineering, 1996 
Stonehill College, BA Liberal Arts, 1995 
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Armin Thomas Ellis, Ph.D., 
Chief Mission Architect 


PO Box 1510, La Canada, CA 91012 
armin.ellis@ gmail.com (617) 599 0774 


Education Dartmouth College, Hanover, N.H. October 2002 - June 2008 Philosophical 
Doctorate, Instrumentation for measuring broadband and low intensity, ultra-fast laser pulses. 
The main outcome of the thesis was the design and demonstration of a nonlinear optical 
device capable of measuring low intensity pulses of laser light with durations of over 50 
femto seconds. This highly experimental work has resulted in several patentable concepts and 
publications. 


University of Sheffield, U.K. September 2000 - September 2001 Masters of Science degree 
in Automatic Control and Systems Engineering Thesis title - Aspects of a Manned Mission to 
Mars, Systems Study and Analysis (Restricted Access). 


University of Southampton, U.K. September 1997 - July 2000 Bachelors of Engineering 
degree in Mechanical Engineering (with Honors) Degree Specialization in Astronautics. 
Final Year Project - Attitude Control System (ACS) design for the MUSTARD Nano- 
Satellite. 


Related Work Experience Exploration Institute (EI) - Founder January 2015 - Present 


Exploration Institute is focused on working with organizations to innovate faster and achieve 
more ambitious goals. Having developed a unique in house methodology to excite and capture 
great ideas within teams, we deliver 2 or 3 day workshops designed to focus on a particular 
challenge or opportunity and then to brainstorm and radically explore new ways of achieving 
the goals of the client organization. 


Jet Propulsion Laboratory - Mission Systems Concepts Section October 2008 - July 2016 
Worked primarily as mission architect on projects to include: 


Aerosol-Cloud-Ecosystem (ACE) Decadal Survey mission - lead mission architect Led the 
mission concept development by working with science and instrument leads, formed the 
Science Traceability Matrix, coordinated studies with other NASA centers, determined 
relevant industrial capabilities and partnerships, worked with Team-X as team lead on 
multiple studies, and prepared and delivered many presentations to customer, NASA HQ. 


SWARMS Radiometer constellation - Lead mission architect Three robust mission 
architectures were developed over three years of studies with the USAF, and 10 industry 
suppliers. Studies included a novel approach to imaging from a fast rotating, inertially fixed 
platform, including the necessary attitude sensing and control subsystem. The end result met 
or exceeded all design requirements by USAF. 


OCO-3 - Pre-Phase A formulation Lead and Phase A mission architect Initially led the 
mission architecture effort to define the most practical method to launch the OCO-2 flight 
spare instrument. Once the ISS was selected, my role evolved to instrument-ISS interface 
lead. 


Earth Ventures - Proposal manager, Systems Engineer Member of multiple Earth Venture 
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proposal teams as Proposal Manager or Systems Engineer. 


The Storm Peak Cloud Property Validation Experiment (StormVEx) - Campaign manager 

Campaign manager for JPL’s ground-based radar, to correlate ground based measurements 
with in-situ aircraft measurements. Among other duties I was responsible for coordinating 

activities and personnel, and operated the facility for several weeks in Steamboat Springs, 

Colorado. 


SmallSat Industry Forum - Creator Recognizing the growing capabilities of the Small 
Satellite industry, I initiated and obtained internal funding for a JPL wide lecture series to 
bring satellite integrators to visit the JPL community. These lectures resulted in multiple 
partnerships and a greater awareness of the small satellite industry within JPL. 


University of Leicester - Technical Assistant / Engineer October 2001 - October 2002 Worked 
on the Beagle 2 Mars Lander project. Involvements included systems design, test and 
integration of the PAW experimentation package, as well as conceptual design for future 
missions. 


Reaction Engines Limited - Systems Engineer (PT Consultant) July 2000 - September 2001 
Worked with colleagues on configuration of the Skylon Single-Stage-To-Orbit spacecraft. 
Work also included the design of an experimental cowling for transonic testing of the SABRE 
engine. 


Space Innovations Limited - Design Engineer July 1999 - October 1999 Complete design of 
Mechanical Ground Support Equipment (MGSE) for the Australian FedSat satellite and 
dummy analogues for thermal and vibration testing. 


Leadership and Entrepreneurship Venture Kits Not-for-Profit Educational Organization - Co- 
Founder, President 2008 - Present An educational outreach project, aimed at inspiring 
students at 8-12 grades, by engaging them in a unique and hands-on approach to science, 
engineering and mathematics education. 


Dartmouth Student Satellite, DARTSAT - Project Manager, 2002 - 2004 All volunteer-group 
successfully designed and tested a launcher release mechanism pod concept for injecting 
small satellites into orbit, while simultaneously providing spin stabilization for the system. 
During my directorship period, active group members increased from 3 to 12. 


Spacecraft Instrumentation - Instrument Project Manager and Engineer, 2002 - 2006 
Development of two complete imaging payloads, from conceptual and engineering design to 
manufacture, integration, launch, and some data analysis. This highly collaborative team 
effort required continuous communications with engineers from two other institutions and 
NASA’s Wallops Flight Facility. The Despun Rocket Borne Imagers or DERBI I and II were 
flown on sounding rockets 35.035 and 40.017. 
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Appendix B: Standard ECMA-267 
(See Attached Document) 
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Brief History 


ECMA Technical Committee TC31 was established in 1984 for the standardization of Optical Disks and Optical Disk 
Cartridges (ODC). Since its establishment, the Committee has made major contributions to ISO/IEC SC23 toward the 
development of International Standards for 90 mm, 120 mm, 130 mm, 300 mm, and 356 mm media. Numerous standards have 
been developed by TC31 and published by ECMA, almost all of which have also been adopted by ISO/IEC under the fast- 
track procedure as International Standards. 


In February 1997 a group of ten Companies, known as the DVD Consortium, proposed to TC31 to develop an ECMA 
Standard for the first member of a family of 120 mm optical disks. TC31 adopted this project and started work on a first 
ECMA Standard for DVD - Read-Only disks. This ECMA Standard specifies the physical characteristics of such a disks 
which can be used for video, audio or data applications. A standard for volume and file structure common to these three types 
of application has been developed in ECMA Technical Committee TC15. Further work has been undertaken for a rewritable 
disk known as DVD-RAM, for a case for such disks, and for a writable disk DVD-R. This work is supported by nine members 
of the DVD Forum. 


This Standard ECMA-267 specifies four Types of DVD - Read-Only disks with a nominal capacity from 4,7 Gbytes to 
17,0 Gbytes. Standard ECMA-268 specifies a 80 mm DVD - Read-Only disk which differs from that of this Standard 
ECMA-267 only where the relevant parameters depend on the dimension of the diameter. Four Types of such DVD disks with 
a nominal capacity of 1,46 Gbytes to 5,32 Gbytes are specified. It has been adopted by ISO/IEC JTC 1 as International 
Standard ISO/IEC 16448. 


Adopted as 3“ edition of Standard ECMA-267 by the ECMA General Assembly in April 2001. 
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Section 1 - General 


2.1 


2.2 


2.3 


4.1 


4.2 


4.3 


Scope 


This ECMA Standard specifies the mechanical, physical and optical characteristics of a 120 mm, read-only optical 
disk to enable the interchange of such disks. It specifies the quality of the recorded signals, the format of the data and 
the recording method, thereby allowing for information interchange by means of such disks. This disk is identified as 
DVD - Read-Only Disk. 


This ECMA Standard specifies 


four related but different Types of this disk (see clause 7), 
the conditions for conformance, 
the environments in which the disk is to be operated and stored, 


the mechanical and physical characteristics of the disk, so as to provide mechanical interchange between data 
processing systems, 


the format of the information on the disk, including the physical disposition of the tracks and sectors, the error 
correcting codes and the coding method used, 


the characteristics of the signals recorded on the disk, enabling data processing systems to read the data from the 
disk. 


This ECMA Standard provides for interchange of disks between disk drives. Together with a standard for volume and 
file structure, it provides for full data interchange between data processing systems. 


Conformance 


Optical Disk 

A claim of conformance shall specify the Type of the disk. An optical disk shall be in conformance with this 
ECMA Standard if it meets the mandatory requirements specified for its Type. 

Generating system 

A generating system shall be in conformance with this ECMA Standard if the optical disk it generates is in 
accordance with 2.1. 

Receiving system 


A receiving system shall be in conformance with this ECMA Standard if it is able to handle all four Types of 
optical disk according to 2.1. 


Reference 
ECMA-287 (1999) Safety of electronic equipment 


Definitions 


For the purpose of this ECMA Standard the following definitions apply. 


Adhesive layer 

A layer of adhesive material bonding together the two parts of the disk. 

Channel bit 

The elements by which, after modulation, the binary values ZERO and ONE are represented on the disk by pits. 
Clamping Zone 


The annular part of the disk within which a clamping force is applied by a clamping device. 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


4.10 


4.11 


4.12 


4.13 


4.14 


4.15 


4.16 


4.17 


4.18 


4.19 


Digital Sum Value (DSV) 


The arithmetic sum obtained from a bit stream by allocating the decimal value 1 to bits set to ONE and the decimal 
value -1 to bits set to ZERO. 


Disk Reference Plane 


A plane defined by the perfectly flat annular surface of an ideal spindle onto which the Clamping Zone of the disk 
is clamped, and which is normal to the axis of rotation. 


Dual Layer disk 


A optical disk with one or two entrance surface(s), in which each entrance surface gives access to a different pair of 
recorded layers. 


Dummy substrate 


A layer which may be transparent or not, provided for the mechanical support of the disk and/or of a recorded 
layer. 


Entrance surface 
The surface of the disk onto which the optical beam first impinges. 
Optical disk 


A disk that accepts and retains information in the form of pits in a recorded layer that can be read by an optical 
beam. 


Physical sector number 
A serial number allocated to physical sectors on the disk. 
Read-only disk 


An optical disk in which the information has been recorded when manufacturing the disk. The information cannot 
be modified and can only be read from the disk. 


Recorded layer 

A layer of the disk on, or in, which data is recorded. 

Reed-Solomon code 

An error detection and/or correction code for the correction of errors. 

Reserved field 

A field set to all ZEROs unless otherwise stated, and reserved for future standardization. 

Sector 

The smallest part of a track in the Information Zone that can be accessed independently of other addressable parts. 
Single Layer disk 


An optical disk with one or two entrance surface(s), in which each entrance surface gives access to a different 
recorded layer. 


Spacer 


In the case of Dual Layer disks, the transparent layer placed between the two recorded layers accessible through the 
same entrance surface. 


Substrate 


A transparent layer of the disk, provided for mechanical support of the recorded layer(s), through which the optical 
beam can access the recorded layer(s). 


Track 


A 360° turn of a continuous spiral. 
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4.20 


4.21 


5.1 


5.2 


Track pitch 
The distance between the centrelines of a pair of adjacent physical tracks, measured in radial direction. 
Zone 


An annular area of the disk. 


Conventions and notations 
Representation of numbers 


A measured value is rounded off to the least significant digit of the corresponding specified value. For instance, it 
implies that a specified value of 1,26 with a positive tolerance of + 0,01 and a negative tolerance of - 0,02 allows a 
range of measured values from 1,235 to 1,275. 


Numbers in decimal notations are represented by the digits 0 to 9. 
Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses. 
The setting of bits is denoted by ZERO and ONE. 


Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most significant 
bit shown to the left. 


Negative values of numbers in binary notation are given as Two’s complement. 


In each field the data is recorded so that the most significant byte (MSB), identified as Byte 0, is recorded first and 
the least significant byte (LSB) last. 


In a field of 87 bits, bit b(8n-1) shall be the most significant bit (msb) and bit bo the least significant bit (Isb). 
Bit b(8n-1) is recorded first. 


Names 


The names of entities, e.g. specific tracks, fields, zones, etc. are given a capital initial. 


List of acronyms 


BCA Burst-Cutting Area 

BP Byte Position 

BPF Band Pass Filter 

CLV Constant Linear Velocity 
CPR_MAI Copyright Management Information 
DCC DC Component (suppress control) 
DL Dual Layer 

DPD Differential Phase Detection 

DSV Digital Sum Value 

ECC Error Correction Code 

EDC Error Detection Code 

EQ Equalizer 

FWHM Full Width at Half Maximum 

HF High Frequency 

ID Identification Data 

IED ID Error Detection (code) 

IR Index of Refraction 

LPF Low-Pass Filter 

LSB Least Significant Byte 


MSB Most Significant Byte 


NRZ Non Return to Zero 

NRZI Non Return to Zero Inverted 
OTP Opposite Track Path 

PBS Polarizing Beam Splitter 
PE Phase Encoding 

PI Parity (of the) Inner (code) 
PLL Phase-Locked Loop 

PO Parity (of the) Outer (code) 
PTP Parallel Track Path 

PUH Pick-Up Head 

RIN Relative Intensity Noise 
RS Reed-Solomon (code) 

RZ Return to Zero 

SL Single Layer 

SYNC Code Synchronisation Code 

Isb least significant bit 

msb most significant bit 


General description of the disk 


The optical disk that is the subject of this ECMA Standard consists of two substrates bonded together by an adhesive 
layer, so that the recorded layers are on the inside (See annex N). The centring of the disk is performed on the edge of 
the centre hole of the assembled disk on the side currently read. Clamping is performed in the Clamping Zone. This 
ECMA Standard specifies the following Types. 


Type A consists of a substrate, a single recorded layer and a dummy substrate. The recorded layer can be 
accessed from one side only. The nominal capacity is 4,7 Gbytes. 


Type B consist of two substrates, and two recorded layers. From one side of the disk, only one of these recorded 
layers can be accessed. The nominal capacity is 9,4 Gbytes. 


Type C consists of a substrate, a dummy substrate and two recorded layers with a spacer between them. Both 
recorded layers can be accessed from one side only. The nominal capacity is 8,5 Gbytes. 


Type D consists of two substrates, each having two recorded layers with a spacer between these two recorded 
layers. From one side of the disk, only one pair of recorded layers can be accessed. The nominal capacity 
is 17,0 Gbytes. 


Figure | shows schematically these four Types. Types A and B are Single Layer (SL) disks and Types C and D are 
Dual Layer (DL) disks. The two layers of DL disks are identified as Layer 0 and Layer 1. Layer 0 is the layer nearer 
to the entrance surface. Types A and C are 1-sided disks, Types B and D are 2-sided disks. 


In Type C the function of the adhesive layer can be provided by the spacer between the two recorded layers where 
Layer | is placed, for instance embossed, on the dummy substrate. 
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Figure 1 - Types of 120 mm DVD - Read-Only disks 
8 General requirements 
8.1 Environments 
8.1.1 Test environment 
The test environment is the environment where the air immediately surrounding the disk has the following 
properties. 
a) For dimensional measurements b) For other measurements 
temperature 123° C22. °C 15 °C to 35 °C 
relative humidity > 45 % to 55 % 45 % to 75 % 
atmospheric pressure : 86 kPa to 106 kPa 86 kPa to 106 kPa 


Unless otherwise stated, all tests and measurements shall be made in this test environment. 


8.1.2 


8.1.3 


8.1.4 


8.2 


8.3 


9 


9.1 


Operating environment 


This ECMA Standard requires that an optical disk which meets all mandatory requirements of this ECMA 
Standard in the specified test environment provides data interchange over the specified ranges of environmental 
parameters in the operating environment. 


Disks used for data interchange shall be operated under the following conditions, when mounted in the drive 
supplied with voltage and measured on the outside surface of the disk. 


The disk exposed to storage conditions shall be conditioned in the operating environment for at least two hours 
before operating. 


temperature : -25 °C to 70 °C 
relative humidity 73% to 95 % 
absolute humidity 0,5 g/m3 to 60 g/m3 
sudden change of temperature : 50 °C max. 

sudden change of relative humidity : 30 % max. 


There shall be no condensation of moisture on the disk. 
Storage environment 


The storage environment is the environment where the air immediately surrounding the optical disk shall have 
the following properties. 


temperature : -20 °C to 50 °C 
relative humidity :5.% to 90 % 
absolute humidity 1 g/m3 to 30 g/m3 
atmospheric pressure : 75 kPa to 106 kPa 
temperature variation > 15 °C /h max. 
relative humidity variation : 10 %/h max. 
Transportation 


This ECMA Standard does not specify requirements for transportation; guidance is given in annex P. 


Safety requirements 


The disk shall satisfy the requirements of Standard ECMA-287, when used in the intended manner or in any 
foreseeable use in an information system. 


Flammability 


The disk shall be made from materials that comply with the flammability class for HB materials, or better, as 
specified in Standard ECMA-287. 


Reference measurement devices 


The reference measurement devices shall be used for the measurements of optical parameters for conformance with 
this ECMA Standard. The critical components of these devices have specific properties defined in this clause. 


Pick Up Head (PUH) 


The optical system for measuring the optical parameters is shown in figure 2. It shall be such that the detected light 
reflected from the entrance surface of the disk is minimized so as not influencing the accuracy of measurement. 
The combination of the polarizing beam splitter C with the quarter-wave plate D separates the incident optical 
beam and the beam reflected by the optical disk F. The beam splitter C shall have a p-s intensity/reflectance ratio of 
at least 100. Optics G generates an astigmatic difference and collimates the light reflected by the recorded layer of 
the optical disk F for astigmatic focusing and read-out. The position of the quadrant photo detector H shall be 
adjusted so that the light spot becomes a circle the centre of which coincides with the centre of the quadrant photo 
detector H when the objective lens is focused on the recorded layer. An example of such a photo detector H is 
shown in figure 2. The dimensions a and b equal M times 10 um to 12 um, where M is the transversal 
magnification factor from the disk to its conjugate plane near the quadrant photo detector H. 
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Figure 2 - Optical system for PUH 


The characteristics of the PUH shall be as follows. 


Wavelength (A) 
Polarization 

Polarizing beam splitter 
Numerical aperture 


Light intensity at the rim of 
the pupil of the objective lens 


Wave front aberration after 
passing through an ideal 
substrate of the single layer disk 
(Thickness : 0,6 mm and index 
of refraction : 1,56) 


Normalized detector size on a disk 


650 nm + 5 nm 


Read Channel 


< a > 


I 


b 


Quadrant photo detector H 


Optical disk 

Optics for the astigmatic focusing method 
Quadrant photo detector 

Output from the quadrant photo detector 
d.c. coupled amplifier 


circularly polarized light 


shall be used unless otherwise stated 


0,60 + 0,01 


60 % to 70 % of the maximum intensity level in radial 
direction, and over 90 % of the maximum intensity level in 


tangential direction 


0,033 A rms max. 


100 um? <S/ M2 « 144 um? 
where S is the total surface of the photo detector of the PUH 


9.2 


9.3 


9.4 


Relative intensity noise (RIN) - 134 dB/Hz max. 
10 log [(a.c. light power density /Hz) / d.c. light power ] 


Measurement conditions 
The measuring conditions for operational signals shall be as follows. 


Scanning velocity at a Channel bit rate 





of 26,15625 Mbits/s for Single Layer disks: 3,49 m/s + 0,03 m/s 
for Dual Layer disks: 3,84 m/s + 0,03 m/s 

Clamping force 2,0N+0,5N 

Taper cone angle 40,0° + 0,5°, see annex E 

CLV servo characteristic f (-3 dB), closed loop bandwidth : 5 Hz 

Focusing method astigmatic method 

Tracking method differential phase detection 


Normalized servo transfer function 


In order to specify the servo system for axial and radial tracking, a function Hg is used (equation I). It specifies the 
nominal values of the open-loop transfer function H of the Reference Servo(s) in the frequency range 23,1 Hz to 
10 kHz. 


31m 
Oe 
#1 (iw) =5%(22) oa (1) 

3 iw 10 

1+—— 

305 
where 
@ = 2nf 
Wo =20f 9 


ie 1 


f is the 0 dB crossover frequency of the open loop transfer function. The crossover frequencies of the lead-lag 
network of the servo are given by 


lead break frequency: fi =fo x 13 
lag break frequency foa=fox3 


Reference Servo for axial tracking 


For an open loop transfer function H of the Reference Servo for axial tracking, | 1+H| is limited as schematically 
shown by the shaded surface of figure 3. 


9.5 


Gain (dB) 


86:0; bes elena st. 





9,6 23,1 100 10 000 
Frequency (Hz) 


Figure 3 - Reference Servo for axial tracking 
Bandwidth 100 Hz to 10 kHz 
| 1+H | shall be within 20 % of | 1+Hg|. 


The crossover frequency fg = Wg / 2m shall be specified by equation (II), where Ox shall be 1,5 times larger than 
the expected maximum axial acceleration of 8 m/s2. The tracking error €max Shall not exceed 0,23 um. Thus the 
crossover frequency f, shall be 


f 1 {3 Qnax 1 8x15 x3 Saag (I 
= = =2, Z 
10 an en 2 V0,23x 10° 


The axial tracking error €;yg, is the peak deviation measured axially above or below the 0 level. 


Bandwidth 23,1 Hz to 100 Hz 





| 1+H | shall be within the limits defined by the following four points. 





40,6 dB at 100 Hz (| 1+Hs | - 20% at 100 Hz ) 
66,0 dB at 23,1 Hz (| 1+Hs | - 20% at 23,1 Hz) 
86,0 dB at 23,1 Hz (| 1+Hs | - 20% at 23,1 Hz add 20 dB) 
44,1 dB at 100 Hz (| 1+Hs | + 20% at 100 Hz ) 


Bandwidth 9,6 Hz to 23,1 Hz 
| 1 +H | shall be between 66,0 dB and 86,0 dB. 


Reference Servo for radial tracking 


For an open-loop transfer function H of the Reference Servo for radial tracking, 
shown by the shaded surface of figure 4. 





1+H| is limited as schematically 
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Frequency (Hz) 


Figure 4 - Reference Servo for Radial Tracking 
Bandwidth from 100 Hz to 10 kHz 
| 1+H | shall be within 20 % of | 1 Heh. 


The crossover frequency f, = Wg / 2x shall be specified by equation (III), where O4y shall be 1,5 times larger 
than the expected maximum radial acceleration of 1,1 m/s2. The tracking error €max Shall not exceed 0,022 um. 
Thus the crossover frequency f, shall be 


1 [3 Qnax 1 1lx1,5x3 
fo= = =] = 2,4 kHz (III) 
20 \ enax 2a \ 0,022 x 10 


The radial tracking error is the peak deviation measured radially inwards or outwards the 0 level. 


Bandwidth from 23,1 Hz to 100 Hz 





| 1+H | shall be within the limits defined by the following four points. 





43,7 dB at 100 Hz (| 1+Hs | - 20% at 100 Hz ) 
69,2 dB at 23,1 Hz (| 1+Hs | - 20% at 23,1 Hz) 
89,2 dB at 23,1 Hz (| 1+Hs | - 20% at 23,1 Hz add 20 dB) 
47,3 4B at 100 Hz (| 1+Hs | + 20% at 100 Hz ) 


Bandwidth from 9,6 Hz to 23,1 Hz 
| 1 +H | shall be between 69,2 dB and 89,2 dB. 


Section 2 - Dimensional, mechanical and physical characteristics of the disk 
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Dimensional characteristics (figures 5 to 8) 


Dimensional characteristics are specified for those parameters deemed mandatory for interchange and compatible use 
of the disk. Where there is freedom of design, only the functional characteristics of the elements described are 
indicated. The enclosed drawings show the dimensional requirements in summarized form. The different parts of the 
disk are described from the centre hole to the outside rim. 


The dimensions are referred to two Reference Planes P and Q. 


Reference Plane P is the primary Reference Plane. It is the plane on which the bottom surface of the Clamping Zone 
(see 10.4) rests. 


Reference Plane Q is the plane parallel to Reference Plane P at the height of the top surface of the Clamping Zone. 


10.1 


10.2 


10.3 


10.4 


10.5 


at 


Overall dimensions 

The disk shall have an overall diameter 

d, = 120,00 mm + 0,30 mm 

The centre hole of a substrate or a dummy substrate shall have a diameter 


+0,15 mm 
dy = 15,00 mm 
- 0,00 mm 


The diameter of the hole of an assembled disk, i.e. with both parts bonded together, shall be 15,00 mm min., 
see figure 6. 


There shall be no burr on both edges of the centre hole. 


The edge of the centre hole shall be rounded off or chamfered. The rounding radius shall be 0,1 mm max. The 
chamfer shall extend over a height of 0,1 mm max. 


The thickness of the disk, including adhesive layer, spacer(s) and label(s), shall be 


+ 0,30 mm 
ey = 120mm 
- 0,06 mm 


First transition area 
In the area defined by dy and 
d3 = 16,0 mm min. 


the surface of the disk is permitted to be above Reference Plane P and/or below Reference Plane Q by 
0,10 mm max. 


Second transition area 

This area shall extend between diameter d3 and diameter 

dg = 22,0 mm max. 

In this area the disk may have an uneven surface or burrs up to 0,05 mm max. beyond Reference Planes P and/or Q. 
Clamping Zone 

This zone shall extend between diameter d4 and diameter 

ds = 33,0 mm min. 


Each side of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. that of 
Reference Plane Q shall be parallel to the bottom side, i.e. that of Reference Plane P within 0,1 mm. 


In the Clamping Zone the thickness e9 of the disk shall be 


+ 0,20 mm 
e2 = 1,20 mm 
- 0,10 mm 


Third transition area 

This area shall extend between diameter ds and diameter 

do = 44,0 mm max. 

In this area the top surface is permitted to be above Reference Plane Q by 
hy = 0,25 mm max. 

or below Reference Plane Q by 

hz = 0,10 mm max. 

The bottom surface is permitted to be above Reference Plane P by 


h3 = 0,10 mm max 


10.6 


10.6.1 


10.6.2 
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or below Reference Plane P by 
hg = 0,25 mm max. 


Information Zone 


The Information Zone shall extend from the beginning of the Lead-in Zone to diameter dq the value of which is 
specified in table 1. 


In the Information Zone the thickness of the disk shall be equal to e; specified in 10.1. 
Sub-divisions of the Information Zone 
The main parts of the Information Zone are 


— the Lead-in Zone 
— the Data Zone 
— the Lead-out Zone 


The area extending from d¢ to diameter 
d7 = 45,2 mm max. 
shall be used as follows 


-— it is the beginning of the Lead-in Zone for Types A and B, and each pair of layers for Type C and D in PTP 
mode and on Layer 0 in OTP mode, 


- itis the end of the Lead-out Zone on Layer | for Types C and D in OTP mode. 


In the first case, the Lead-in Zone shall end at diameter 


+0,0 mm 
dg = 48,0 mm 


- 0,4 mm 
which is the beginning of the Data Zone. 


In the second case the Data Zone shall not extend toward the centre of the disk beyond dg. The Lead-out Zone 
shall start after the Data Zone and end between diameters dg and d7. 


The Data Zone shall start after the Lead-in Zone at diameter dg, it shall extend up to diameter 
dg = 116,0 mm max. 


The zone between diameters dg and d1¢ constitutes the Lead-out Zone in the cases Types A and B, and Types C 
and D in PTP mode and the Middle Zone in the case of Types C and D in OTP mode. 


The Lead-out Zone in PTP mode and the Middle Zone shall start after the Data Zone and end at diameter d1q 
the value of which depends on the length of the Data Zone as shown in table 1. 


Table 1 - End of the Information Zone 


Length of the Data Zone Value of diameter dQ 


68,0 mm to 115,0 mm Data Zone diameter + 2,0 mm min. 
115,0 mm to 116,0 mm 117,0 mm min. 


The zone extending from d), to d), shall be used for the Burst Cutting Area, if implemented (see annex H). 





Track geometry 


In the Information Zone tracks are constituted by a 360° turn of a spiral. 
The track pitch shall be 0,74 um + 0,03 um. 


The track pitch averaged over the Data Zone shall be 0,74 um + 0,01 um. 


10.6.3 


10.6.4 


10.7 


10.8 
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Track modes 
Tracks can be recorded in two different modes called Parallel Track Path (PTP) and Opposite Track Path (OTP). 
Figure 5 shows examples of the PTP and OTP modes. In practice, the lengths of the Data Zones of both layers 
are independent from each other. 
Types A and B shall be recorded in PTP mode only. 
Types C and D may be recorded in either modes. 
In PTP mode, tracks are read from the inside diameter of the Information Zone to its outside diameter, this 
applies to both Layer 0 and Layer 1 for Types C and D, see figure 5a. On both layers, the track spiral is turning 
from the inside to the outside. 
In OTP mode, tracks are read starting on Layer 0 at the inner diameter of the Information Zone, continuing on 
Layer 1 from the outer diameter to the inner diameter. Thus, there is a Middle Zone at the outer diameter on both 
layers, see figure 5b. The track spiral is turning from the inside to the outside on Layer 0 and in the reverse 
direction on Layer 1. 
The radial misalignment of the outer edge of the Information Zones between Layer 0 and Layer | shall be 
0,5 mm max. 
In OTP mode, the radial misalignment between the outer edge of the Data Zones of Layer 0 and Layer 1 shall be 
0,5 mm max. 
Channel bit length 
The Information Zone shall be recorded in CLV mode. The Channel bit length averaged over the Data Zone 
shall be 
- 133,3 nm + 1,4 nm for Type A and Type B, 
- 146,7 nm + 1,5 nm for Type C and Type D 

Rim area 


The rim area shall be that area extending from diameter d)g to diameter dj (see figure 8). In this area the top 
surface is permitted to be above Reference Plane Q by 


hs = 0,1 mm max. 

and the bottom surface is permitted to be below Reference Plane P by 

he = 0,1 mm max. 

The total thickness of this area shall not be greater than 1,50 mm, i.e. the maximum value of e;. The thickness of 
the rim proper shall be 

e3 = 0,6 mm min. 

The outer edges of the disk shall be either rounded off with a rounding radius of 0,2 mm max. or be chamfered 
over 

h7 = 0,2 mm max. 

hg = 0,2 mm max. 

Remark on tolerances 


All heights specified in the preceding clauses and indicated by h; are independent from each other. This means that, 
for example, if the top surface of the third transition area is below Reference Plane Q by up to Ap, there is no 
implication that the bottom surface of this area has to be above Reference Plane P by up to 3. Where dimensions 
have the same - generally maximum - numerical value, this does not imply that the actual values have to be 
identical. 


10.9 
10.9.1 


10.9.2 


10.10 
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Runout 


Axial runout 


When measured by the PUH with the Reference Servo for axial tracking, the disk rotating at the scanning 
velocity, the deviation of the recorded layer from its nominal position in the direction normal to the Reference 
Planes shall not exceed 0,3 mm. 


The residual tracking error below 10 kHz, measured using the Reference Servo for axial tracking, shall be less 
than 0,23 um. The measuring filter shall be a Butterworth LPF, f, (-3dB): 10 kHz, slope : -80 dB/decade. 


Radial runout 


The runout of the outer edge of the disk shall be less than 0,3 mm, peak-to-peak. 
The radial runout of tracks shall be less than 100 um, peak-to-peak. 


The residual tracking error below 1,1 kHz, measured using the Reference Servo for radial tracking, shall be less 
than 0,022 um. The measuring filter shall be a Butterworth LPF, f, (-3dB) : 1,1 kHz, slope : -80 dB/decade. 


The rms noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, measured with an 
integration time of 20 ms, using the Reference Servo for radial tracking, shall be less than 0,016 um. The 


measuring filter shall be a Butterworth BPF, frequency range (-3dB) : 1,1 kHz, slope : +80 dB/decade to 


10 kHz, slope : -80 dB/decade. 
Label 


The label shall be placed on the side of the disk opposite the entrance surface for the information to which the label 
is related. The label shall be placed either on an outer surface of the disk or inside the disk bonding plane. In the 
former case, the label shall not extend over the Clamping Zone. In the latter case, the label may extend over the 
Clamping Zone. In both cases, the label shall not extend over the rim of the centre hole nor over the outer edge of 


the disk. 


11 Mechanical parameters 


11.1 


11.2 


11.3 


11.4 


Mass 

The mass of the disk shall be in the range 13 g to 20 g. 

Moment of inertia 

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,040 gem, 
Dynamic imbalance 

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed 0,010 gem. 
Sense of rotation 


The sense of rotation of the disk shall be counterclockwise as seen by the optical system. 


12 Optical parameters 


12.1 


12.2 


12.3 


Index of refraction 

The index of refraction IR of the transparent substrate shall be 1,55 + 0,10. 

The index of refraction of the spacer shall be (IR + 0,10). 

Thickness of the transparent substrate 

The thickness of the transparent substrate is specified as a function of its index of refraction. 
Figure 9 specifies it for Types A and B and figure 10 for Types C and D. 

Thickness of the spacer of Types C and D 


For Types C and D, the thickness of the spacer shall be 55 um + 15 um. Annex K shows two ways of measuring 
this thickness. On a disk, this thickness shall not vary by more than 20 um. Within one revolution, it shall not vary 


by more than 8 pm. 


12.4 


12.5 


12.6 
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Angular deviation 


The angular deviation is the angle ~ between a parallel incident beam and the reflected beam. The incident beam 
shall have a diameter in the range 0,3 mm to 3,0 mm. This angle includes deflection due to the entrance surface and 
to unparallelism of the recorded layer, see figure A.1. It shall meet the following requirements when measured 
according to annex A. 


In radial direction : a =0,80° max. 
In tangential direction: a = 0,30° max. 


Birefringence of the transparent substrate 


The birefringence of the transparent substrate shall be 100 nm max. when measured according to annex B. 


Reflectivity 

When measured according to annex D, the reflectivity of the recorded layer(s) shall be 
Types A and B: 45 % to 85 % (PUH with PBS) 

Types A and B: 60 % to 85 % (PUH without PBS) 

Types C andD: 18% to 30 % (PUH with PBS) 

Types C and D: 18% to 30 % (PUH without PBS) 


—» Spiral direction 
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Figure 5a - Parallel Track Path (PTP) 
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Figure 5b - Opposite Track Path (OTP) 


Layer 0= The layer closer to the entrance surface 
Layer 1= The layer farther from the entrance surface 


Data Zone : —_—_— 
Lead-in Zone : VLLLLLLE 


Middle Zone : Kom] 
Lead-out Zone: KX 
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Figure 5 - Examples of track paths for Types C and D 
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Figure 8 - Rim area 
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Figure 9 - Thickness of the substrate for Types A and B 
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Figure 10 - Thickness of the substrate and spacer for Types C and D 
Section 3 - Operational Signals 


13 High frequency signals (HF) 


The HF signal is obtained by summing the currents of the four elements of the photo detector. These currents are 
modulated by diffraction of the light beam at the pits representing the information on the recorded layer. 
Measurements, except for jitter, are executed to HF before equalizing. 


13.1 Modulated amplitude 
The modulated amplitude /) 4 is the peak-to-peak value generated by the largest pit and land length (figure 11 ). 
The peak value J) 4yy shall be the peak value corresponding to the HF signal before high-pass filtering. 
The peak-to-peak value of the shortest pit and land length shall be J3. 
The 0 Level is the signal level obtained from the measuring device when no disk is inserted. 
These parameters shall meet the following requirements. 
Iy4/NQay = 90,60 min. 
I3/N4 = 0,15 min. for Types A and B 
I3/Ij4 = 0,20 min. for Types C and D 
The maximum value of 1] 44max -/14Hmin )//14Hmax shall be as specified by table 2. 
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Table 2 - Maximum value of (11 44{max -14Hmin) /44Hmax 


Within one recorded side| Within one revolution 
of a disk 


PUH |PUH with PBS PBS f 03838 33 POS 15 





PUH a! PBS a Se) 
with circular polarization 


13.2 Signal asymmetry 


The signal asymmetry shall meet the following requirement, see figure 11. 
-0,05 = [Way t N4r)/2- (Ht BL)/2 1/14 s 0,15 
where 
(hay t+ ly4)/2 is the centre level of J) 4 
- (3H + 4) /2 is the centre level of J3. 
13.3 Cross-track signal 


The cross-track signal shall be derived from the HF signal when low-pass filtered with a cut-off frequency of 
30 kHz when the light beam crosses the tracks (see figure 12). The low-pass filter is a 1st order filter. The cross- 
track signal shall meet the following requirements. 


Ip = Wy-h 
Fy / Ty = 9,10 min. 
where /}y is the peak value of this signal and /7 is the peak-to-peak value. 
13.4 Quality of signals 
13.4.1 Jitter 


Jitter is the standard deviation o of the time variation of the digitized data passed through the equalizer. The 
jitter of the leading and trailing edges is measured to the PLL clock and normalized by the Channel bit clock 
period. 


Jitter shall be less than 8,0 % of the Channel bit clock period, when measured according to annex F. 


13.4.2 Random errors 


A row of an ECC Block (see clause 18) that has at least 1 byte in error constitutes a PI error. In any 8 
consecutive ECC Blocks the total number of PI errors before correction shall not exceed 280. 


13.4.3 Defects 


Defect are air bubbles and black spots. Their diameter shall meet the following requirements 

- for air bubbles it shall not exceed 100 pm, 

- for black spots causing birefringence it shall not exceed 200 um, 

- for black spots not causing birefringence it shall not exceed 300 um. 

In addition, over a distance of 80 mm in scanning direction of tracks, the following requirements shall be met 
— the total length of defects larger than 30 um shall not exceed 300 pm, 


— there shall be at most 6 such defects. 


14 Servo signals 


The output currents of the four quadrants of the split photo detector shown in figure 13 are identified by /,, J), J, and 
Iq: 


14.1 


14.2 
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Differential phase tracking error signal 


The differential phase tracking error signal shall be derived from the phase difference between diagonal pairs of 
detectors elements when the light beam crosses the tracks : Phase (J, + J,) - Phase (/, + Ig) , see figure 13. The 
differential phase tracking error signal shall be low-pass filtered with a cut-off frequency of 30 kHz, see annex C. 
This signal shall meet the following requirements (see figure 14). 


Amplitude 


At the positive 0 crossing At /T shall be in the range 0,5 to 1,1 at 0,10 um radial offset, where At is the average 
time difference derived from the phase difference between diagonal pairs of detector elements, and T is the 
Channel bit clock period . 


Asymmetry (figure 14) 


The asymmetry shall meet the following requirement. 


n= 





< 0,2 
In +7 


where 
— Ty is the positive peak value of At/T 


- T> is the negative peak value of At /T 


Tangential push-pull signal 
This signal shall be derived from the instantaneous level of the differential output (/g + Ig) - Uy + Jc). It shall meet 
the following requirement, see figure15. 

[(, +14)-(z, +7,)] 
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Figure 11 - Modulated amplitude 
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Figure 12 - Cross-track signal 
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Figure 13 - Quadrant photo detector 
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Figure 14 - Differential phase tracking error signal 
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Figure 15 - Tangential push-pull signal 


Section 4 - Data Format 
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General 


The data received from the host, called Main Data, is formatted in a number of steps before being recorded on the 
disk. It is transformed successively into 


- a Data Frame, 

— aScrambled Frame, 
- anECC Block, 

- aRecording Frame, 
— a Physical Sector 


These steps are specified in the following clauses. 


Data Frames (figure 16) 

A Data Frame shall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes (figure 16). The 
first row shall start with three fields, called Identification Data (ID), the check bytes of the ID Error Detection Code 
(IED), and Copyright Management Information (CPR_MAI), followed by 160 Main Data bytes. The next 10 rows 
shall each contain 172 Main Data bytes, and the last row shall contain 168 Main Data bytes followed by four bytes for 
recording the check bits of an Error Detection Code (EDC). The 2 048 Main Data bytes are identified as Dg to 


D9 047: 


= at 





< 172 bytes > 


4 bytes | 2 bytes | 6 bytes 


ID IED |CPR_MAI| Main Data 160 bytes (Dy to D590) 
Main Data 172 bytes (Dj, to D3) 


Main Data 172 bytes (D,3, to D593) 





Main Data 172 bytes (Dj 79g to Dj g79) 





Main Data 168 bytes (Dj g¢9 to D947) 
4 bytes 


Figure 16 - Data Frame 
16.1 Identification Data (ID) 


This field shall consist of four bytes the bits of which are numbered consecutively from bg (Isb) to b31 (msb), see 
figure 17. 


b3] b 24 b3 bo 


Figure 17 - Identification Data (ID) 


b3 bo7 and b6 


Sector Tracking Reflectivity Reserved Zone type Data type Layer 
Format type method number 


Figure 18 - Sector Information of the Identification Data (ID) 


The least significant three bytes, bits bg to b93, shall specify the sector number in binary notation. The sector 
number of the first sector of an ECC Block of 16 sectors shall be a multiple of 16. 


The bits of the most significant byte, the Sector Information, shall be set as follows. 
Bit bo4 shall be set to 


ZERO on Layer 0 of DL disks 
ONE on Layer | of DL disks 
ZERO on SL disks 


Bit b75 shall be set to ZERO, indicating read-only data 


16.2 


16.3 


16.4 
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Bits by¢ and b27 shall be set to 


ZERO ZERO in the Data Zone 
ZERO ONE in the Lead-in Zone 
ONE ZERO. in the Lead-out Zone 
ONE ONE _ inthe Middle Zone 


Bit b7g shall be set to ZERO 
Bit by9 shall be set to 


ZERO if the reflectivity is greater than 40 % with PBS PUH 
ONE if the reflectivity is 40 % max. with PBS PUH 


Bit b3q shall be set to ZERO, indicating pit tracking 
Bit b3 shall be set to ZERO, indicating the CLV format for read-only disks 
Other setting are prohibited by this ECMA Standard. 


ID Error Detection Code (IED) 


When identifying all bytes of the array shown in figure 16 as Cj ; for i= 0 to 11 and j = 0 tol71, the check bytes of 
IED are represented by Co,j for j = 4 to 5. Their setting is obtained as follows. 


5 
IED(x) = Co, Od = I)x2 mod Gp(x) 
0,) E 
j=4 
where 
3 


I(x) =), Co j x34 
j-0 


1 
Gp) = T(x + ak) 
k=0 


ais the primitive root of the primitive polynomial P(x) = 844453 44241 


Copyright Management Information (CPR_MAIT) 

This field shall consist of 6 bytes. Their setting is application-dependent, for instance a video application. If this 
setting is not specified by the application, the default setting shall be to set all bytes to all ZEROs. 

Error Detection Code (EDC) 


This 4-byte field shall contain the check bits of an Error Detection Code computed over the preceding 2 060 bytes 
of the Data Frame. Considering the Data Frame as a single bit field starting with the most significant bit of the first 
byte of the ID field and ending with the least significant bit of the EDC field, then this msb will be bj 6 511 and the 
Isb will be bo. Each bit b; of the EDC is as follows for i= 31 to 0: 


0 
EDC(x) = > bj xt = I(x) mod G(x) 
i=31 
where 
32 


Ix) = > bj xt 


i=16 511 


G(x) = x32 + x31 +x44+] 


17 


18 
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Scrambled Frames 


The 2 048 Main Data bytes shall be scrambled by means of the circuit shown in figure 19 which shall consist of a 
feedback bit shift register in which bits r7 (msb) to rg (Isb) represent a scrambling byte at each 8-bit shift. At the 
beginning of the scrambling procedure of a Data Frame, positions r 4 to rg shall be pre-set to the value(s) specified in 
table 3. The same pre-set value shall be used for 16 consecutive Data Frames. After 16 groups of 16 Data Frames, the 
sequence is repeated. The initial pre-set number is equal to the value represented by bits b7 (msb) to bit bg (Isb) of the 
ID field of the Data Frame. Table 3 specifies the initial pre-set value of the shift register corresponding to the 16 
initial pre-set numbers. 


Table 3 - Initial values of the shift register 


number value number value 









Ti4 |T13 


97-0021-A 


Figure 19 - Feedback shift register 


The part of the initial value of r7 to rg is taken out as scrambling byte So. After that, 8-bit shift is repeated 2 047 times 
and the following 2 047 bytes shall be taken from r7 to rg as scrambling bytes S$; to Sz 947. The Main Data bytes Dx 
of the Data Frame become scrambled bytes D’, where 


D, = Dy © Sk fork=0 to 2 047 
@ stands for Exclusive OR 


ECC Blocks 


An ECC Block is formed by arranging 16 consecutive Scrambled Frames in an array of 192 rows of 172 bytes each 
(figure 20). To each of the 172 columns, 16 bytes of Parity of Outer Code are added, then, to each of the resulting 208 
rows, 10 byte of Parity of Inner Code are added. Thus a complete ECC Block comprises 208 rows of 182 bytes each. 
The bytes of this array are identified as Bij as follows, where i is the row number and j the column number. 


Bi j for i=0 to 191 andj =0 to 171 are bytes from the Scrambled Frames 
Bi j for i = 192 to 207 and j = 0 to 171 are bytes of the Parity of Outer Code 
Bij for i= 0 to 207 and j = 172 to 181 are bytes of the Parity of Inner Code 


206% 


PI 


172 bytes 10 bytes 








192 
rows 


~ 
s 








| Bios [| Bigoro | Bis | Bivo,i2 | 
PBs | | Bion | Bit  [Bisisra _ | 
| Bios | | Bisaro | Biszas [Basar _| 
4 4 


4 


Bit | | Brew aro | Bissirs [Bassin | 






SK 
N 
\ 
\ 
Ss 


PO 
16 rows 











B 507.0 Boon fF B 007,170 





By07,172 a B 07,181 


B 907,171 
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Figure 20 - ECC Block 


The PO and PI bytes shall be obtained as follows. 


In each of columns j = 0 to 171, the 16 PO bytes are defined by the remainder polynomial R (x) to form the outer code 
RS (208,192,17). 


207 
Rix) = DY Bij x2°74 = O)x!6 mod Gpo@) 
i=192 
where 
191 
TF) = S Bij xl91-i 
= 


15 
Gpo@) = II @+ ak) 
k=0 


In each of rows i = 0 to 207, the 10 PI bytes are defined by the remainder polynomial R;(x) to form the inner code 
RS (182,172,11). 


181 


Rj) = > Bij xl8lyj = 1Fe9) x10 mod Gpy(x) 
j=172 


Oph 


where 
171 
Ke) = DByx7 
j=0 
9 
Gpy(x) = TT @+ak) 
k=0 


a. is the primitive root of the primitive polynomial P(x) = x8 43445343241 


19 Recording Frames 


Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO rows at a time after every 12 rows of an 
ECC Block (figure 21). This is achieved by re-locating the bytes Bij of the ECC Block as Buin for 


m=itindi/12] and n=j foris 191 
m=13(i-191)-1 and n=j fori=192 
where ind[x] represents the largest integer not greater than x. 


Thus the 37 856 bytes of an ECC Block are re-arranged into 16 Recording Frames of 2 366 bytes. Each Recording 
Frame consists of an array of 13 rows of 182 bytes. 
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4 —__________________ 182 bytes —_——— > 




















Recording 
13 we a Frame 
rows No. 0 
| ae ee Buin Bua foo Biyisi 
Big i72 
Recording 
13 Se oe Frame 
rows No. 1 
| Biag: | ese ei eh heels Bos 171 By3.172 es By3 181 
[Bissin | Biss |_| 
Bisgoi7t Bigo,172 Peers Bigo,i81 
Recording 
13 cy Zz Frame 
rows No. 15 


B 
Browz Bion 191,181 





Boona7 207,172 Booz 181 
97-0023-A 


Figure 21 - Recording Frames obtained from an ECC Block 


20 Modulation 


The 8-bit bytes of each Recording Frame shall be transformed into 16-bit Code Words with the run length limitation 
that between 2 ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL 2,10). Annex G specifies the 
conversion tables to be applied. The Main Conversion table and the Substitution table specify a 16-bit Code Word for 
each 8-bit bytes with one of 4 States. For each 8-bit byte, the tables indicate the corresponding Code Word, as well as 
the State for the next 8-bit byte to be encoded. 


The 16-bit Code Words shall be NRZI-converted into Channel bits before recording on the disk. (figure 22). 
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16 Channel bits 
NRZI converted pulses 






16-bit Code Words 









NRZ 
conversion 


Exclusive-OR 
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T = 1 channel clock period 
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Figure 22 - NRZI conversion 


21 Physical Sectors 


The structure of a Physical Sector is shown in figure 23. It shall consist of 13 rows, each comprising two Sync 
Frames. A Sync Frame shall consist of a SYNC Code from table 4 and 1 456 Channel bits representing the first, 
respectively the second 91 8-bit bytes of a row of a Recording Frame. The first row of the Recording Frame is 
represented by the first row of the Physical Sector, the second by the second, and so on. 





<+———. Sync Frame -———-»| 4 Sy nc Frame 


Figure 23 - Physical Sector 


Recording shall start with the first Sync Frame of the first row, followed by the second Sync Frame of that row, and 
so on row-by-row. 
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Table 4- SYNC Codes 


State 1 and State 2 


Primary SYNC codes Secondary SYNC codes 

(msb) (isb) (msb) (isb) 
SYO = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001 
SY1 = 0000010000000100 0000000000010001 / 0000010001000100 0000000000010001 
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 0000000000010001 
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001 
SY4 = 0010000000000100 0000000000010001 / 0010000001000100 0000000000010001 
SY5 = 0010001001000100 0000000000010001 / 0010001000000100 0000000000010001 
SY6 = 0010010010000100 0000000000010001 / 0010000010000100 0000000000010001 
SY7 = 0010010001000100 0000000000010001 / 0010010000000100 0000000000010001 


State 3 and State 4 





Primary SYNC codes Secondary SYNC codes 
msb) (Isb) (msb) (sb) 

SYO = 1001001000000100 0000000000010001 / 1001001001000100 0000000000010001 
SY1 = 1000010001000100 0000000000010001 / 1000010000000100 0000000000010001 
SY2 = 1001000001000100 0000000000010001 / 1001000000000100 0000000000010001 
SY3 = 1000001001000100 0000000000010001 / 1000001000000100 0000000000010001 
SY4 = 1000100001000100 0000000000010001 / 1000100000000100 0000000000010001 

/ 

/ 

/ 


SY5 = 1000100100000100 0000000000010001 1000000100000100 0000000000010001 
SY6 = 1001000010000100 0000000000010001 1000000001000100 0000000000010001 
SY7 = 1000100010000100 0000000000010001 1000000010000100 0000000000010001 





Suppress control of the d.c. component 


To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the stream 
of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum Value (DSV, see 
4.4) shall be kept as low as possible. At the beginning of the modulation, the DSV shall be set to 0. 


The different ways of diminishing the current value of the DSV are as follows. 
a) Choice of SYNC Codes between Primary or Secondary SYNC Codes 
b) For the 8-bit bytes in the range 0 to 87, the Substitution table offers an alternative 16-bit Code Word for all States 


c) For the 8-bit bytes in the range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word can be 
chosen either from State 1 or from State 4, so as to ensure that the RLL requirement is met. 


In order to use these possibilities, two data streams, Stream 1 and Stream 2, are generated for each Sync Frame. 
Stream | shall start with the Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category 
of SYNC Codes. As both streams are modulated individually, they generate a different DSV because of the difference 
between the bit patterns of the Primary and Secondary SYNC Codes. 


In the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is computed up to 
the 8-bit byte preceding the 8-bit byte for which there is this choice. The stream with the lowest | DSV| is selected and 
duplicated to the other stream. Then, one of the representations of the next 8-bit byte is entered into Stream 1 and the 
other into Stream 2. This operation is repeated each time case b) or c) occurs. 


Whilst case b) always occurs at the same pattern position in both streams, case c) may occur in one of the streams and 
not in the other because, for instance, the next State prescribed by the previous 8-bit byte can be 2 or 3 instead of | or 
4. In that case the following 3-step procedure shall be applied. 


1) Compare the | DSV|s of both streams. 
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2) Ifthe |DSV| of the stream in which case c) occurs is smaller than that of the other stream, then the stream in 
which case c) has occurred is chosen and duplicated to the other stream. One of the representations of the next 8- 
bit byte is entered into this stream and the other into the other stream. 


3) Ifthe |DSV| of the stream in which case c) has occurred is larger than that of the other stream, then case c) is 
ignored and the 8-bit byte is represented according to the prescribed State. 


In both cases b) and c), if the | DSV|s are equal, the decision to choose Stream 1 or Stream 2 is implementation- 
defined. 


The procedure for case a) shall be as follows. At the end of a Sync Frame, whether or not case b) and or case c) have 
occurred, the DSV of the whole Sync Frame is computed and the stream with the lower | DSV| is selected. If this 
DSV is greater than + 63 or smaller than -64, then the SYNC Code at the beginning of the Sync Frame is changed 
from Primary to Secondary or vice versa. If this yields a smaller | DSV|, the change is permanent, if the | DSV| is not 
smaller, the original SYNC Code is retained. 


During the DSV computation, the actual values of the DSV may vary between -1000 and +1000, thus it is 
recommended that the count range for the DSV be at least from -1 024 to +1 023. 


Section 5 Format of the Information Zone(s) 


23 General description of an Information Zone 


The Information Zone shall be divided in three parts : the Lead-in Zone, the Data Zone and the Lead-out Zone. In SL 
disks and in DL disks in PTP mode there is one Information Zone per layer. In DL disks in OTP mode, there is only 
one Information Zone extending over two layers. In DL disks in OTP mode, the Information Zone has a Middle Zone 
in each layer to allow the read-out beam to move from Layer 0 to Layer 1 (see figure 5b). The Data Zone is intended 
for the recording of Main Data. The Lead-in Zone contains control information. The Lead-out Zone allows for a 
continuous smooth read-out. 


24 Layout of the Information Zone 


The Information Zone of SL disks and of DL disks in PTP mode shall be sub-divided as shown in table 5. The value 
of the radii indicated are the nominal values of the first track of the first Physical Sector and that of the last track of 
the last Physical Sector of a zone. 


Table 5 - Layout of the Information Zone 


Nominal radius Sector Number Number of 
in mm of the first Physical 
Physical Sector Sectors 
Lead-in Zone 22,6 max. to 24,0 
Initial Zone 
Reference Code Zone (02F000) 32 
Buffer Zone 1 (02F020) 480 


Control Data Zone (02F200) 
Buffer Zone 2 (02FE00) 
Data Zone 24,0 tory (030000) 





Lead-out Zone ry to 35,0 min. | ry to(ry+1,0) | ry to 58,5 
when when when 
11< 34,0 34,0s ry <= 57,5 | 57,5<ry < 58,0 
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25 Physical Sector numbering 


The first Physical Sector of the Data Zone has the Sector Number (030000), it shall be recorded at the beginning of 
the Data Zone ( see dg in 10.6). 


On SL disks, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector (figure 24). 


On DL disks in PTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector. The 
Physical Sectors are numbered in the same way on Layer 0 and on Layer | (figure 25). 


On DL disks in OTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector from 
(030000) to the highest Sector Number on Layer 0. The first Sector Number on Layer 1 shall be derived from this 
highest Sector Number by inverting its bits, viz. changing from ZERO to ONE and vice versa. Further Sector 
Numbers on Layer | increase by | for each Physical Sector (figure 26). The Physical Sector chosen to be that with the 
highest Sector Number in the Data Zone on Layer 0 shall be such that the inverted value of its Sector Number is a 
multiple of 16. 


Type A 
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Figure 24 - Physical Sector numbering on Type A 


For Type B, the same structure applies on each side of the disk. 
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Figure 25 - Physical Sector numbering on Type C in PTP mode 
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Figure 26- Physical Sector numbering on Type C in OTP mode 
For Type D, the same structures apply on each side of the disk. 


Lead-in Zone 


The Lead-in Zone is the innermost zone of the Information Zone. It shall consist of the following parts (figure 27). 


The Sector Number of the first Physical Sector of each part is indicated in figure 27 in hexadecimal and in decimal 
notation. 


- Initial Zone, 

- Reference Code Zone, 
- Buffer Zone 1, 

- Control Data Zone, 

- Buffer Zone 2. 


26.1 


26.2 


26.3 


26.4 
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Initial Zone 


In all Physical Sectors 
the Main Data is set to (00) 


Sector No.192 511 Sector No.(02EFFF) 


Sector No.192 512 Sector No.(02F000) 
Reference Code Zone 


32 Physical Sectors 





Sector No. 192 544 Buffer Zone 1 Sector No.(02F020) 
480 Physical Sectors 
with the Main Data set to (00) 
Sector No.193 024 Control Data Zone Sector No.(02F200) 


3072 Physical Sectors 


Sector No.196 096 Buffer Zone 2 Sector No.(02FE00) 
512 Physical Sectors 
with the Main Data set to (00) 
Sector No.196 608 Sector No.(030000) 
Data Zone 





Figure 27 - Lead-in Zone 


Initial Zone 


The Main Data of the Data Frames eventually recorded as Physical Sectors in the Initial Zone shall have been set to 
(00). This ECMA Standard does not specify the number of Physical Sectors in the Initial Zone. However, the 
Sector Number of the first Physical Sector of the Data Zone is large enough so as to prevent a Sector Number 0 to 
occur in the Initial Zone. 


Reference Code Zone 


The Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which generate a specific 
Channel bit pattern on the disk. This shall be achieved by setting to (AC) all 2 048 Main Data bytes of each 
corresponding Data Frame. Moreover, no scrambling shall be applied to these Data Frames, except to the first 160 
Main Data bytes of the first Data Frame of each ECC Block (see also annex L). 


Buffer Zone 1 

This zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data Frames eventually 
recorded as Physical Sectors in this zone shall have been set to (00). 

Buffer Zone 2 


This zone shall consist of 512 Physical Sectors from 32 ECC Blocks. The Main Data of the Data Frames eventually 
recorded as Physical Sectors in this zone shall have been set to (00). 
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26.5 Control Data Zone 


This zone shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physical Sectors of 
each ECC Block is repeated 192 times. The structure of a Control Data Block shall be as shown in figure 28. 


2 048 bytes 
2 048 bytes 


Content provider information 


14 x 2 048 bytes 





Figure 28 - Structure of a Control Data Block 


26.5.1 Physical format information 


This information shall comprise the 2 048 bytes shown in table 6 and described below. 


Table 6 - Physical format information 


Byte number Content Number 
of bytes 


0 Disk Category and Version Number 
Disk size and maximum transfer rate 





Byte 0 - Disk Category and Version Number 

Bits bg to b3 shall specify the Version Number 

They shall be set to 0001, indicating this ECMA Standard 
Bits bg to b7 shall specify the Disk Category 

These bits shall be set to 0000, indicating a read-only disk. 
Other settings are prohibited by this ECMA Standard. 
Byte 1 - Disk size and maximum transfer rate 

Bits bo to b3 shall specify the maximum transfer rate. 


if set to 0000, they specify a maximum transfer rate of 2,52 Mbits/s 
if set to 0001, they specify a maximum transfer rate of 5,04 Mbits/s 
if set to 0010, they specify a maximum transfer rate of 10,08 Mbits/s 


Bits bg to b7 shall specify the disk size 
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They shall be set to 0000, indicating a 120 mm disk 


Other settings are prohibited by this ECMA Standard. 
Byte 2 - Disk structure 

Bits bo to b3 shall specify the type of the recorded layer(s) 
They shall be set to 0001, indicating a read-only layer(s) 
Bit bg shall specify the track path 


if set to ZERO, it specifies PTP on DL disks or a SL disk 
if set to ONE, it specifies OTP on DL disks 


Bits bs and b¢ shall specify the disk Type 
if set to 00, they specify Type A or Type B 
if set to 01, they specify Type C or Type D 
Bit b7 shall be set to ZERO. 


Other settings are prohibited by this ECMA Standard. 
Byte 3 - Recording density 


Bits bg to b3 shall specify the average track pitch, they shall be set to 0000, indicating an average track pitch of 
0,74 um 


Bits bg to b7 shall specify the average Channel bit length 
if set to 0000, they specify 0,133 um 

if set to 0001, they specify 0,147 um 

Other settings are prohibited by this ECMA Standard. 
Bytes 4 to 15 - Data Zone allocation 

Byte 4 shall be set to (00). 


Bytes 5 to 7 shall be set to (030000) to specify the Sector Number 196 608 of the first Physical Sector of the 
Data Zone 


Byte 8 shall be set to (00). 
Bytes 9 to 11 shall specify the Sector Number of the last Physical Sector of the Data Zone 
Byte 12 shall be set to (00) 


Byte 13 to 15 shall be set to (00) on SL disks and DL disks in PTP mode, and to the Sector Number of the last 
Physical Sector of Layer 0 on DL disks in OTP mode. 


Byte 16 - BCA descriptor 

This byte shall specify whether or not there is a Burst Cutting Area on the disk. 
bits bg to bg shall be set to ZERO 

bit b7, the BCA flag, shall specify whether or not a BCA exists 


if set to ZERO, it shall indicate that a BCA does not exist 
if set to ONE, it shall indicate that a BCA exists on a Type A or a Type C disk 


On Type B and Type D disks, bit7 shall be set to ZERO. 
Bytes 17 to 31 
These bytes shall be set to (00). 
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Bytes 32 to 2 047 
These bytes shall be set to (00). 


26.5.2 Disk manufacturing information 


This ECMA Standard does not specify the format and the content of these 2 048 bytes. They shall be ignored in 
interchange. 


26.5.3 Content provider information 
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28 


The format and the content of these 28 672 bytes require agreement between the interchange parties, else these 
bytes shall be set to all ZEROs. 


Middle Zone 


The Main Data of the Data Frames eventually recorded as Physical Sectors in the Middle Zone shall have been set to 
(00). This ECMA Standard does not specify the number of Physical Sectors in the Middle Zone. 


Lead-out Zone 


The Main Data of the Data Frames eventually recorded as Physical Sectors in the Lead-out Zone shall have been set to 
(00). This ECMA Standard does not specify the number of Physical Sectors in the Lead-out Zone. 
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Annex A 


(normative) 


Measurement of the angular deviation o 


The angular deviation is the angle a formed by an incident beam perpendicular to the Reference Plane P with the reflected 


beam (figure A.1.). 


Recorded layer 





Substrate 


Entrance surface 






Incident beam etisepeaheans 


96-0302-A 


Figure A.1 - Angular deviation a 


For measuring the angular deviation a, the disk shall be clamped between two concentric rings covering most of the Clamping 
Zone. The top clamping area shall have the same diameters as the bottom clamping area. 


+0,5 mm 
diy = 22,3 mm 

- 0,0 mm 

+0,0 mm 
doyt = 32,7 mm 

- 0,5 mm 


The total clamping force shall be F'| = 2,0 N + 0,5 N. In order to prevent warping of the disk under the moment of force 
generated by the clamping force and the chucking force F exerted on the rim of the centre hole of the disk, F' shall not 
exceed 0,5 N (figure A.2). This measurement shall be made under the conditions of 8.1.1.a). 
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+> 
15,00 mm min. 





97-0006-A F. 2 


Figure A.2 - Clamping and chucking conditions 
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Annex B 


(normative) 


Measurement of birefringence 


B.1 ‘Principle of the measurement 


In order to measure the birefringence, circularly polarized light in a parallel beam is used. The phase retardation is 
measured by observing the ellipticity of the reflected light. 






—-> radial direction 


97-0008-A 


Figure B.1 - Ellipse with ellipticity e = b/a and orientation @ 


The orientation 0 of the ellipse is determined by the orientation of the optical axis 
0=y-1/4 (I) 
where Y is the angle between the optical axis and the radial direction. 


The ellipticity e = b/a is a function of the phase retardation 6 


e=tan > 5 dD 


When the phase retardation 6 is known the birefringence BR can be expressed as a fraction of the wavelength 
A 
BR= ~——6 nm (II) 
20 


Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured and the 
orientation of the optical axis can be assessed as well. 


B.2. Measurements conditions 


The measurement of the birefringence specified above shall be made under the following conditions. 
Mode of measurement in reflection, double pass through the substrate 

Wavelength A of the laser light 640 nm + 15 nm 

Beam diameter (FWHM) 1,0 mm + 0,2 mm 


B.3 
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Angle 6 of incidence in radial direction 
relative to the radial plane perpendicular 


to Reference Plane P 7,0° + 0,2° 

Clamping and chucking conditions as specified by annex A 
Disk mounting horizontally 

Rotation less than 1 Hz 
Temperature and relative humidity as specified in 8.1.1) 


Example of a measuring set-up 


Whilst this ECMA Standard does not prescribe a specific device for measuring birefringence, the device shown 
schematically in figure B.2 as an example, is well suited for this measurement. 


/ 
/ 


aa + Photo detector 


I 
I 
I 
I 
I 
Polarizer ———————» Ty |< Collimator lens 
I 
I 
l 
I 
I 


A/4 Plate ——————» oe i} +—____— Rotating analyser 
\ 
any 
! 
! 


Figure B.2 - Example of a device for the measurement of birefringence 


Light from a laser source, collimated into a polarizer ( extinction ratio ~ 10°5 ), is made circular by a A/ plate. The 
ellipticity of the reflected light is analyzed by a rotating analyzer and a photo detector. For every location on the disk, 
the minimum and the maximum values of the intensity are measured. The ellipticity can then be calculated as 


= Imin/ Imax (IV) 
Combining equations II, II and IV yields 


min 





BR=AA-A/x x arctan 


max 
This device can be easily calibrated as follows 
Imin 18 set to 0 by measuring a polarizer or a A/ 4 plate, 
— Imin= 4max When measuring a mirror 
Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the interference of the 


reflection(s) of the front surface with the reflection(s) from the recorded layer. These a.c. reflectance effects are 
significant only if the disk substrate has an extremely accurate flatness and if the light source has a high coherence. 


C.1 


C.2 
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Annex C 


(normative) 


Measurement of the differential phase tracking error 


Measuring method for the differential phase tracking error 


The reference circuit for the measurement of the tracking error shall be that shown in figure C.1. Each output of the 
diagonal pairs of elements of the quadrant photo detector shall be digitized independently after equalization of the 
wave form defined by 


H(s) = (1 + 1,6 x 10°77 iw) / (1 + 4,7 x 10° ia) 


The gain of the comparators shall be sufficient to reach full saturation on the outputs, even with minimum signal 
amplitudes. Phases of the digitized pulse signal edges (signals B1 and B2) shall be compared to each other to produce 
a time-lead signal C1 and a time-lag signal C2. The phase comparator shall react to each individual edge with signal 
C1 or C2, depending on the sign of At;. A tracking error signal shall be produced by smoothing the C1, C2 signals 
with low-pass filters and by substracting by means of a unity gain differential amplifier. The low-pass filters shall be 
Ist order filters with a cut-off frequency of (-3 dB) 30 kHz. 


Special attention shall be given to the implementation of the circuit because very small time differences have to be 
measured, indeed | % of T equals only 0,38 ns. Careful averaging is needed. 


The average time difference between two signals from the diagonal pairs of elements of the quadrant detector shall be 
At=1/N DAty 


where N is the number of edges both rising and falling. 


Measurement of At/T without time interval analyzer 


The relative time difference At/T is represented by the amplitude of the tracking error signal provided that the 
amplitudes of the Cl and C2 signals and the frequency component of the read-out signals are normalized. The relation 


between the tracking error amplitude ATVE and the time difference is given by 


_ y At; y At, At Vpe 
ATVE = y Vpe = Vpce = — x 
T; 


t 
NnT T n 





where 

Vpc is the amplitude of the C1 and C2 signals 

T; is the actual length of the read-out signal in the range 3T to 14T 
nT is the weighted average value of the actual lengths 

Nn T is the total averaging time 


Assuming that Vpc equals ~ 5 V and that the measured value of n equals ~ 5, then the above relation between the 





tracking error amplitude ATVE and the time difference At can be simplified to 


ATVE =At /T 


C.3 


C.3.1 


C3.2 


aA 


The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows 


0,5 (Vpe/n) s ATVE s 1,1 (Vpc/n) 


at 0,1 um radial offset. 


Calibration of the circuit 


Assuming that Vpce equals ~ 5 V and that the measured value of n equals ~ 5 V, then the above relation between the 





tracking error amplitude ATVE and the time difference At can be simplified to 


ATVE = At/T x Vpe/n = At/T 


The average run length of the 8-to-16 modulated signal is depending on the data content and the averaging time. 
Therefore, the circuit shall be calibrated with the fixed frequency signal corresponding to a modulated signal with 5T 
run length. For this purpose sinusoidal signals with a frequency of 2,616 MHz can be used. 


Typically the pulse signals C1 and C2 will be generated by a digital gate circuit with an output signal switching 
between ground and the supply voltage. This voltage swing is assumed to be about 5 V. However, depending on the 
applied technology it may significantly deviate from 5 V. 


Because the formal specification for the DPD signal is 


0,5 < At/T <1,1 at 0,1 um radial offset, 


the measurement by means of AZ7VE is influenced by the actual value of Vpc and n. Therefore the following 
calibration procedure shall apply. 


Saturation of the comparators 

The gain of the level comparators shall be such, that for all actual input signal levels (specially 3T signals) it 
remains constant. In this case the amplitude of the signal TVE is independent of the amplitude of the input signals, 
and the gain of the level comparators is in the saturation area (See figure C.2). 

Correction for n and Vpc 


Because the above mentioned deviation of n and Vpc, and possibly of some other circuit parameters, a correction 
factor K has to be determined, such that 


At/T =Kx ATVE (measured) 
This can be achieved as follows. 
a) Generate two sinusoidal signals Al and A2 of frequency 2,616 MHz with a phase difference, and inject them 


into the two equalizer circuits. 


b) Measure the relation between At/T and ATVE and determine K from figure C.3 


K= [ At /T(injected)] /[ATVE (measured)| 
After the differential amplifier shown in figure C.1, the addition of an amplifier of gain K to the measuring 


equipment for the DPD tracking error that adjusts the correction factor K, allows the measurement of At/T directly 
from the output. 
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Signal Al Equalizer Level Signal B1 
H(S) Comparator 









Signal A2 Equalizer Level Signal B2 
H(S) Comparator 


Signal Cl | Low-pass 

Filter 
Phase Differential Signal TVE 
Comparator Amp. (1X) 








ATVE 
Low-pass 


Filter 


0,1 um 


tracking error 


At. = negative 
At; = positive : . 


Signal Al 












Signal B1 ——» 
Signal B2 —__» 


Signal C1 ——> 


Signal C2 ——» | Vv 
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Figure C.1 - Circuit for tracking error measurements 
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Figure C.2 - Comparator input signal amplitude vs tracking error signal amplitude 
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Figure C.3 - At/T vs ATVE 
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Annex D 


(normative) 


Measurement of light reflectance 


Calibration method 


A good reference disk shall be chosen, for instance 0,6 mm glass disk with a golden reflective mirror. This reference 
disk shall be measured by a parallel beam as shown in figure D.1 





I 


97-0013-A 


Figure D.1 - Reflectance calibration 


In this figure the following applies. 


I = incident beam 

r = reflectance of the entrance surface 

Rg = main reflectance of the recorded layer 

Rint = other reflectances of the entrance surface and of the recorded layer 
Ry = measured value, using the arrangement of figure D.1 
Ry=r+Rgt Rint 


r=((n-1)/(n+1))? where n is the refraction index of the substrate 
Rg = Ry-t-Rint 
Rg =[ (1-r)? x (Ry-1)]/ [l+x@2-Ry)] 


The reference disk shall be measured on a reference drive and Jiyirror Measured by the focused beam is equated to Rg 
as determined above. 


Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the recorded 
layer, independently from the reflectivity of the entrance surface. 


D.2 
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Measuring method 

The measuring method comprises the following steps. 

a) Measure the reflective light power Dg from the reference disk with calibrated reflectivity Rg 
b) Measure J, 477 in the Information Zone of the disk (see 13.2). 

c) Calculate the reflectivity as follows 


Nau 
D 


Ss 


Rigy = R, Xx 


- 49. 


Annex E 


(normative) 


Tapered cone for disk clamping 





The device used for centring the disk for measurement shall be a cone with a taper angle B = 40,0°+ 0,5° (see figure E.1). 


CLL LLL LLL VLE LLL 


Entrance surface 


B 


97-0014-A 


Figure E.1 - Tapered cone 
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Annex F 
(normative) 


Measurement of jitter 


Jitter shall be measured under the conditions of 9.1 with the additional conditions specified in this annex. 


F.1 System diagram for jitter measurement 


The general system diagram for jitter measurement shall be as shown in figure F.1. 










HF-signal 


a.c. coupling 


Quadrant 
photo 
detector 


Phase detector 
filter 
VCO 


Slicer PLL 





All data 
edges 


Jitter analyser Start/stop 
(e.g. a Time Interval analyser) signal from the 


revolution pulse 
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Figure F.1 - General diagram for jitter measurement 


F.2 


F.3 
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Open loop transfer function for PLL 
The open-loop transfer function for the PLL shown in figure F.1 shall be as shown in figure F.2 
Gain (dB) 







-40 dB/decade 


-20 dB/decade 


0 dB Frequency (Hz) 
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Figure F.2 - Schematic representation of the open-loop transfer function for PLL 


Slicer 
The slicer shall be a feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5 kHz, 1st order integrating 


Conditions for measurement 


The bandwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to prevent group-delay 
distortion. 


Low-pass filter : 6th order Bessel filter, f, (-3 dB) = 8,2 MHz 
Example of an analogue equalizer : 3-tap transversal filter with transfer function 


H(z) =1,35 2°2,993 - 0,175 (1 + 274,186) 


Filtering and equalization : 


- Gain variation : 1 dB max. (below 7 MHz) 
-— Group delay variation : 3 ns max. (below 6,5 MHz) 
-— (Gain at 5,0 MHz - Gain at 0 Hz) = 3,2 dB + 0,3 dB 


a.c. coupling (high-pass filter) = 1st order, f, (-3 dB) = 1 kHz 


Correction of the angular deviation : only d.c. deviation. 


F.5 


2153). 








Gain (dB) 











EQ only 
LPF 6th 
EQ +LPF 


























Frequency (MHz) 
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Figure F.3 - Frequency characteristics for the equalizer and the low-pass filter 


Measurement 
The jitter of all leading and trailing edges over one rotation shall be measured. 


Under this measurement, the jitter shall be less than 8,0 % of the Channel bit clock period. 
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Annex G 


(normative) 


8-to-16 Modulation with RLL (2,10) requirements 


Tables G.1 and G.2 list the 16-bit Code Words into which the 8-bit coded Data bytes have to be transformed. Figure G.1 
shows schematically how the Code Words and the associated State specification are generated. 


8-bit Byte B(A) 16-bit Code Word X(A) 


—__—_—_—_—_—_—_—__» 


Conversion table 


State S(d) Next State S(t+1) 





Memory 


Figure G.1 - Code Words generation 
In this figure : 


X(t) =H {B(), S(} Xj5(t) = msb and X)(f) = Isb 
S(4+1) =G{B(), SC} 

H is the output function 

G is the next-state function 


The Code Words leaving the States shall be chosen so that the concatenation of Code Words entering a State and those leaving 
that State satisfy the requirement that between two ONEs there shall be at least 2 and at most 10 ZEROs. 


As additional requirements: 


-— Code Words leaving State 2 shall have both bit x15 and bit x3 set to ZERO, and 
— in Code Words leaving State 3 bit x, 5 or bit x3 or both shall be set to ONE. 


This means that the Code Word sets of States 2 and 3 are disjoint. 
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Code Word X(A) Next State S(4+1) Code Word X(¢#+1) 
Ends with 1 or no trailing ZERO Starts with 2 or up to 9 leading ZEROs 


Ends with 2 or up to 5 trailing ZEROs State 2 Starts with 1 or up to 5 leading ZEROs, and 


X15(41),X3(4-) = 0,0 
Ends with 2 or up to 5 trailing ZEROs State 3 Starts with none or up to 5 leading ZEROs, and 
X15(tH+1),X3(4+1) = 0,0 


Ends with 6 or up to 9 trailing ZEROs Starts with | or no leading ZERO 





Figure G.2 - Determination of States 


Note that when decoding the recorded data, knowledge about the encoder is required to be able to reconstitute the original 
main Data. 


B(t) =H! {x(, S(D} 


Because of the involved error propagation, such state-dependent decoding is to be avoided. In the case of this 8-to-16 
modulation, the conversion tables have been chosen in such a way that knowledge about the State is not required in most 
cases. As can be gathered from the tables, in some cases, two 8-bit bytes, for instance the 8-bit bytes 5 and 6 in States 1 and 2 
in table G.1, generate the same 16-bit Code Words. The construction of the tables allows to solve this apparent ambiguity. 
Indeed, if two identical Code Words leave a State, one of them goes to State 2 and the other to State 3. Because the setting of 
bits X15 and X3 is always different in these two States, any Code Word can be uniquely decoded by analysing the Code Word 
itself together with bits Xj 5 and X3 of the next Code Word : 


B() =H! £ X(d, Xy5(t+1), X3(4+1) } 


In the tables, the 8-bit bytes are identified by their decimal value. 


OANINDUNHKWNK CO 


RRR RR BRWWWWWWWWWWNHNNNNNNNNN ERP HR eRe eee 
ARON FTOANIANARHWNHKE TDOANADAUNUHKRWNHKFKTCOANAUNUHKRWNHNHR OS 


Code Word 


msb 


0010000000001001 
0010000000010010 
0010000100100000 
0010000001001000 
0010000010010000 
0010000000100100 
0010000000100100 
0010000001001000 
0010000010010000 
0010000100100000 
0010010010000000 
0010001001000000 
0010010010000001 
0010001001000001 
0010000001001001 
0010000100100001 
0010000010010001 
0010000000100010 
0001000000001001 
0010000000010001 
0001000000010010 
0000100000000010 
0000010000000001 
0010001000100000 
0010000100010000 
0010000010001000 
0010000001000100 
0001000100100000 
0010000000001000 
0001000010010000 
0001000001001000 
0001000000100100 
0001000000000100 
0001000000000100 
0001000000100100 
0001000001001000 
0001000010010000 
0001000100100000 
0010000000001000 
0010000001000100 
0010000010001000 
0010000100010000 
0010001000100000 
0010010001000000 
0001001001000000 
0000001000000001 


PB PRWW WWW WWW WWNNNNNNNNDN DN RR RR RR RR RF RF BPR WW WWNNNN YH 
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Table G.1 


Code Word 


msb 


0100000100100000 
0010000000010010 
0010000100100000 
0100010010000000 
0010000010010000 
0010000000100100 
0010000000100100 
0100000000010010 
0010000010010000 
0010000100100000 
0010010010000000 
0010001001000000 
0010010010000001 
0010001001000001 
0100000000100100 
0010000100100001 
0010000010010001 
0010000000100010 
0100000010010000 
0010000000010001 
0001000000010010 
0000100000000010 
0000010000000001 
0010001000100000 
0010000100010000 
0100000000100100 
0010000001000100 
0001000100100000 
0100000010010000 
0001000010010000 
0100000100100000 
0001000000100100 
0001000000000100 
0001000000000100 
0001000000100100 
0100001001000000 
0001000010010000 
0001000100100000 
0100100100000001 
0010000001000100 
0100010010000001 
0010000100010000 
0010001000100000 
0010010001000000 
0001001001000000 
0100010001000000 





BHR RWW WRK WW kKWWNN WN WNNNN YN RRR RK NR RR WR kK PR PRWWrR WNN KNK NY 


- Main Conversion Table 


Code Word 
msb Isb 


0010000000001001 
1000000100100000 
1000000000010010 
0010000001001000 
1000000100100000 
1001001000000000 
1000100100000000 
0010000001001000 
1000010010000000 
1001001000000001 
1000100100000001 
1000000010010000 
1000000010010000 
1000010010000001 
0010000001001001 
1000001001000001 
1000000100100001 
1000001001000000 
0001000000001001 
1001000100000000 
1000100010000000 
1000000010010001 
1000000001001001 
1000000001001000 
1000000001001000 
0010000010001000 
1000000000100010 
1000000000010001 
0010000000001000 
1001001000000010 
0001000001001000 
1001000100000001 
1000100100000010 
1000100010000001 
1000000000100100 
0001000001001000 
1000000000100100 
1000010001000000 
0010000000001000 
1001000010000000 
0010000010001000 
1000010010000010 
1000001000100000 
1000010001000001 
1000001000100000 
1000001001000010 





FBP WFPNFPWRWRWWNHNKR EPR NEN KR NWNRPR KR BRE RHR SBR eB NHN WE KR BWR RNNKE WH IO 


Code Word 
msb Isb 


0100000100100000 
1000000100100000 
1000000000010010 
0100010010000000 
1000000100100000 
1001001000000000 
1000100100000000 
0100000000010010 
1000010010000000 
1001001000000001 
1000100100000001 
1000000010010000 
1000000010010000 
1000010010000001 
0100000000100100 
1000001001000001 
1000000100100001 
1000001001000000 
0100000010010000 
1001000100000000 
1000100010000000 
1000000010010001 
1000000001001001 
1000000001001000 
1000000001001000 
0100000000100100 
1000000000100010 
1000000000010001 
0100000010010000 
1001001000000010 
0100000100100000 
1001000100000001 
1000100100000010 
1000100010000001 
1000000000100100 
0100001001000000 
1000000000100100 
1000010001000000 
0100100100000001 
1001000010000000 
0100010010000001 
1000010010000010 
1000001000100000 
1000010001000001 
1000001000100000 
0100010001000000 


continued 


BWR NR RK BRR HRW PN RK RR WK WR KF NWN KH PPN BPR KP WRN WRK Here HRHBNY PK WN 





Code Word 
msb Isb 


0010010010000010 
0010000010001001 
0010010001000001 
0010001001000010 
0010001000100001 
0001000001001001 
0010000100100010 
0010000100010001 
0010000010010010 
0010000001000010 
0010000000100001 
0000100000001001 
0001001001000001 
0001000100100001 
0001000010010001 
0001000000100010 
0001000000010001 
0000100000010010 
0000010000000010 
0010010000100000 
0010001000010000 
0010000100001000 
0010000010000100 
0010000000010000 
0001000010001000 
0001001000100000 
0001000000001000 
0001000100010000 
0001000001000100 
0000100100100000 
0000100010010000 
0000100001001000 
0000100000100100 
0000100000000100 
0000100000000100 
0000100000100100 
0000100001001000 
0000100010010000 
0000100100100000 
0001000000001000 
0001000001000100 
0001000010001000 
0001000100010000 
0001001000100000 
0010000000010000 
0010000010000100 
0010000100001000 
0010001000010000 
0010010000100000 
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Table G.1 - Main Conversion Table (continued) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


0010010010000010 
0100001001000001 
0010010001000001 
0010001001000010 
0010001000100001 
0100000100100001 
0010000100100010 
0010000100010001 
0010000010010010 
0010000001000010 
0010000000100001 
0100000010010001 
0001001001000001 
0001000100100001 
0001000010010001 
0001000000100010 
0001000000010001 
0000100000010010 
0000010000000010 
0010010000100000 
0010001000010000 
0100000000100010 
0010000010000100 
0010000000010000 
0100001000100000 
0001001000100000 
0100000100010000 
0001000100010000 
0001000001000100 
0000100100100000 
0000100010010000 
0100000001000100 
0000100000100100 
0000100000000100 
0000100000000100 
0000100000100100 
0100000001000100 
0000100010010000 
0000100100100000 
0100000100010000 
0001000001000100 
0100001000100000 
0001000100010000 
0001001000100000 
0010000000010000 
0010000010000100 
0100000000010001 
0010001000010000 
0010010000100000 


WW Re WWW WWWWWWWwWwWwWNNNNNNNNN NNN FN DN RR RR RR RR RR Re Re Re Re Re Re Re KE 10 





Code Word 
msb Isb 


1000001000100001 
0010000010001001 
1000000100010000 
1000000010001000 
1000000100010000 
0001000001001001 
1000000100100010 
1000000100010001 
1000000010010010 
1000000010001001 
1000000001000010 
0000100000001001 
1000000000100001 
0100000001001001 
1001001000010010 
1001001000001001 
1001000100000010 
1000000001000100 
0100000001001000 
1000010000100000 
1000001000010000 
0010000100001000 
1000000100001000 
1000000010000100 
0001000010001000 
0100000010001000 
0001000000001000 
1000000001000100 
0100000001001000 
1000010000100000 
1000001000010000 
0000100001001000 
1000000100001000 
1000000010000100 
0100000010001000 
1000100001000000 
0000100001001000 
1000000010001000 
1001001001001000 
0001000000001000 
1001001000100100 
0001000010001000 
1001001001001000 
1001000010000001 
1000100100010010 
1000100100001001 
0010000100001000 
1000100010000010 
1000100001000001 


FPP WF FEF WWNWNHWWARWWWNHWWWWNHNNNNNNNNNKP PR ER ee eR eR eB WNNH ES 


Code Word 
msb Isb 


1000001000100001 
0100001001000001 
1000000100010000 
1000000010001000 
1000000100010000 
0100000100100001 
1000000100100010 
1000000100010001 
1000000010010010 
1000000010001001 
1000000001000010 
0100000010010001 
1000000000100001 
0100000001001001 
1001001000010010 
1001001000001001 
1001000100000010 
1000000001000100 
0100000001001000 
1000010000100000 
1000001000010000 
0100000000100010 
1000000100001000 
1000000010000100 
0100001000100000 
0100000010001000 
0100000100010000 
1000000001000100 
0100000001001000 
1000010000100000 
1000001000010000 
0100000001000100 
1000000100001000 
1000000010000100 
0100000010001000 
1000100001000000 
0100000001000100 
1000000010001000 
1001001001001000 
0100000100010000 
1001001000100100 
0100001000100000 
1001001001001000 
1001000010000001 
1000100100010010 
1000100100001001 
0100000000010001 
1000100010000010 
1000100001000001 


FPP EPR EB WBWNHWNWWAWWWNHWWWWNNNNNHKENNNNKPR BBE Bee ee ee WnNNE HE 





Code Word 
msb Isb 


0000001000000010 
0000000100000001 
0010010010001001 
0010010010010010 
0010010001000010 
0010010000100001 
0010001001001001 
0010001000100010 
0010001000010001 
0010000100010010 
0010000010000010 
0010000100001001 
0010000001000001 
0001001001000010 
0001001000100001 
0001000100100010 
0001000100010001 
0001000010010010 
0001000001000010 
0001000010001001 
0001000000100001 
0000100100100001 
0000100010010001 
0000100001001001 
0000100000100010 
0000100000010001 
0000010000001001 
0000010000010010 
0010010010000100 
0010010000010000 
0010001000001000 
0010001001000100 
0001000100001000 
0010000100100100 
0000100010001000 
0010000100000100 
0010000000100000 
0001001000010000 
0000100000001000 
0001000010000100 
0001000000010000 
0000100100010000 
0000100001000100 
0000010001001000 
0000010010010000 
0000010000100100 
0000010000000100 
0000010000000100 
0000010000100100 


Table G.1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
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Code Word 
msb Isb 


0100100100000010 
0100100010000001 
0100010000100000 
0010010010010010 
0010010001000010 
0010010000100001 
0100010010000010 
0010001000100010 
0010001000010001 
0010000100010010 
0010000010000010 
0100001000010000 
0010000001000001 
0001001001000010 
0001001000100001 
0001000100100010 
0001000100010001 
0001000010010010 
0001000001000010 
0100010000100000 
0001000000100001 
0000100100100001 
0000100010010001 
0100010001000001 
0000100000100010 
0000100000010001 
0100001001000010 
0000010000010010 
0010010010000100 
0010010000010000 
0100001000100001 
0010001001000100 
0100000100100010 
0010000100100100 
0100000100010001 
0010000100000100 
0010000000100000 
0001001000010000 
0100000010010010 
0001000010000100 
0001000000010000 
0000100100010000 
0000100001000100 
0100000001000010 
0000010010010000 
0000010000100100 
0000010000000100 
0000010000000100 
0000010000100100 





WWNNNFNNNNKFNNNKF NK NKPNNKP RB RR Bee De eB eR eee NOR eee eB eee NOR 


- Main Conversion Table (continued) 


Code Word 
msb Isb 


1000010010010010 
1000010010001001 
0010010010001001 
1001001000000100 
1001001000100100 
1000010001000010 
0010001001001001 
1000010000100001 
1000001001001001 
1000001000100010 
1000001000010001 
0010000100001001 
1000000100010010 
1000000100001001 
1000000010000010 
1000000001000001 
0100000010001001 
1001001001001001 
1001001000100010 
0001000010001001 
1001001000010001 
1001000100010010 
1001000100001001 
0000100001001001 
1000100100100100 
1000100100000100 
0000010000001001 
1000100000100000 
1000010010000100 
1000010000010000 
0010001000001000 
1000001001000100 
0001000100001000 
1000001000001000 
0000100010001000 
1000000100100100 
1001001000000100 
1000100100100100 
0000100000001000 
1000100000100000 
1000010010000100 
1000010000010000 
1000001001000100 
0000010001001000 
1000001000001000 
1001000010000010 
1000000100000100 
1000000100100100 
1000000100000100 





WBKWNHEWNWWWWNHWWNHNNNNNNNNKFNNK PRB Be Be eee eee Bee BR WnNHE RE HK lo 


Code Word 
msb Isb 


0100100100000010 
0100100010000001 
0100010000100000 
1001001000000100 
1001001000100100 
1000010001000010 
0100010010000010 
1000010000100001 
1000001001001001 
1000001000100010 
1000001000010001 
0100001000010000 
1000000100010010 
1000000100001001 
1000000010000010 
1000000001000001 
0100000010001001 
1001001001001001 
1001001000100010 
0100010000100000 
1001001000010001 
1001000100010010 
1001000100001001 
0100010001000001 
1000100100100100 
1000100100000100 
0100001001000010 
1000100000100000 
1000010010000100 
1000010000010000 
0100001000100001 
1000001001000100 
0100000100100010 
1000001000001000 
0100000100010001 
1000000100100100 
1001001000000100 
1000100100100100 
0100000010010010 
1000100000100000 
1000010010000100 
1000010000010000 
1000001001000100 
0100000001000010 
1000001000001000 
1001000010000010 
1000000100000100 
1000000100100100 
1000000100000100 


WBWNFWFWWWWHEWWNKFNKF NF NNNKFNNKP RRP RW RP eB BRB BNP ee eB eB Re WNNH 





Code Word 
msb Isb 


0000010001001000 
0000010010010000 
0000100000001000 
0000100001000100 
0000100010001000 
0000100100010000 
0001000000010000 
0001000010000100 
0001000100001000 
0001001000010000 
0010000000100000 
0010000100000100 
0010000100100100 
0010001000001000 
0010001001000100 
0010010000010000 
0010010010000100 
0000001000010010 
0000001000001001 
0000000100000010 
0000000010000001 
0010010010010001 
0010010000100010 
0010010001001001 
0010010000010001 
0010001000010010 
0010000100000010 
0010001000001001 
0010000010000001 
0001001000100010 
0001001000010001 
0001000100010010 
0001000010000010 
0001001001001001 
0001000001000001 
0000100100100010 
0000100100010001 
0001000100001001 
0000100010010010 
0000100001000010 
0000100010001001 
0000100000100001 
0000010010010001 
0000010000100010 
0000010001001001 
0000010000010001 
0000001001001000 
0000001000100100 
0000001000000100 
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Table G.1 - Main Conversion Table (continued) 


NVNNF EP eB ee eee eee ee eee eee ee eee eee WWWWWWWWWW WwW wWwWwW Ww 


Code Word 
msb Isb 


0100000010000100 
0000010010010000 
0100000000010000 
0000100001000100 
0100000010000100 
0000100100010000 
0001000000010000 
0001000010000100 
0100001000010000 
0001001000010000 
0010000000100000 
0010000100000100 
0010000100100100 
0100000000100001 
0010001001000100 
0010010000010000 
0010010010000100 
0100000000010000 
0100100100100100 
0100100100100100 
0100100100010010 
0010010010010001 
0010010000100010 
0100100100000100 
0010010000010001 
0010001000010010 
0010000100000010 
0100100000100000 
0010000010000001 
0001001000100010 
0001001000010001 
0001000100010010 
0001000010000010 
0100100010000010 
0001000001000001 
0000100100100010 
0000100100010001 
0100100000100000 
0000100010010010 
0000100001000010 
0100010010000100 
0000100000100001 
0000010010010001 
0000010000100010 
0100100001000001 
0000010000010001 
0100010010000100 
0100010000010000 
0100001001000100 


NNN OD ODN i i OD i rN RB RE DN WWW WR WWW WW WW WW WN WW NID 





Code Word 
msb Isb 


0000010001001000 
1001000001000000 
0000100000001000 
1000000000100000 
0000100010001000 
1000000000100000 
0100000100001000 
1000000001000000 
0001000100001000 
1001000001000001 
0100000100001000 
1001000100100100 
1000100100100010 
0010001000001000 
1000100100000100 
1001001001000100 
1001001000001000 
1000100100010001 
1000100010010010 
1000100010001001 
1000100001000010 
1001000100100100 
1001000100000100 
0010010001001001 
1001001001000100 
1000100000100001 
1000010010010001 
0010001000001001 
1000010001001001 
1000010000100010 
1000010000010001 
1000001000010010 
1000001000001001 
0001001001001001 
1000000100000010 
1000000010000001 
0100100100001001 
0001000100001001 
0100010010001001 
0100001001001001 
0000100010001001 
1001000000100000 
1000100100001000 
1000100010000100 
0000010001001001 
1000100000010000 
1000010010001000 
1000010001000100 
1000010000001000 


NNNNKFNNNKP RRP RP BBB eB eB eee ee eH WDH NN RP RB BP NHNWWHEWNHWPRWWWNY WwW A W 


Code Word 
msb Isb 


0100000010000100 
1001000001000000 
0100000000010000 
1000000000100000 
0100000010000100 
1000000000100000 
0100000100001000 
1000000001000000 
0100001000010000 
1001000001000001 
0100000100001000 
1001000100100100 
1000100100100010 
0100000000100001 
0100100100000000 
1001001001000100 
1001001000001000 
0100000000010000 
0100100100100100 
0100100100100100 
0100100100010010 
1001000100100100 
1001000100000100 
0100100100000100 
1001001001000100 
1000100000100001 
1000010010010001 
0100100000100000 
1000010001001001 
1000010000100010 
1000010000010001 
1000001000010010 
1000001000001001 
0100100010000010 
1000000100000010 
1000000010000001 
0100100100001001 
0100100000100000 
0100010010001001 
0100001001001001 
0100010010000100 
1001000000100000 
1000100100001000 
1000100010000100 
0100100001000001 
1000100000010000 
0100010010000100 
0100010000010000 
0100001001000100 


NNNNRYP NNN WR RDN RRR Re RB Re RP RP RF DRE RFP WNNNK WN WNN PKK WNK WP WW WN NY FN 





Code Word 
msb Isb 


0010010010001000 
0010010001000100 
0010010000001000 
0010001000100100 
0010001000000100 
0010001001001000 
0001001001000100 
0001000100100100 
0001000100000100 
0001001000001000 
0001000000100000 
0000100010000100 
0000100000010000 
0000100100001000 
0000010010001000 
0000010001000100 
0000010000001000 
0000001000000100 
0000001000100100 
0000001001001000 
0000010000001000 
0000010001000100 
0000010010001000 
0000100000010000 
0000100010000100 
0000100100001000 
0001000000100000 
0001000100000100 
0001000100100100 
0001001000001000 
0001001001000100 
0010001000000100 
0010001000100100 
0010001001001000 
0010010000001000 
0010010001000100 
0010010010001000 
0010000001000000 
0000001001001001 
0000001000100010 
0000001000010001 
0000000100010010 
0000000100001001 
0000000010000010 
0000000001000001 
0010010000010010 
0010001000000010 
0010010000001001 
0010000100000001 


6 1-- 


Table G.1 - Main Conversion Table (continued) 


eR RR POW WWW WWW WW WWW WWW WWW WWNNNNNNNNNNNNNNN DN LV 


Code Word 
msb Isb 


0100010000010000 
0010010001000100 
0100010010010010 
0010001000100100 
0010001000000100 
0100010001000010 
0001001001000100 
0001000100100100 
0001000100000100 
0100010000100001 
0001000000100000 
0000100010000100 
0000100000010000 
0100001000100010 
0100001000010001 
0000010001000100 
0100000100010010 
0100000010000010 
0100000100100100 
0100000100000100 
0100000001000001 
0000010001000100 
0100000000100000 
0000100000010000 
0000100010000100 
0100000100000100 
0001000000100000 
0001000100000100 
0001000100100100 
0100000100100100 
0001001001000100 
0010001000000100 
0010001000100100 
0100001001000100 
0100100100000100 
0010010001000100 
0100000000100000 
0010000001000000 
0100100100100010 
0100100010000100 
0100100000010000 
0100000001000000 
0100100100010001 
0100100010010010 
0100100001000010 
0010010000010010 
0010001000000010 
0100100010000100 
0010000100000001 





FBP WrPrFP FP FP RP RNNF BWWWWWWWWWWWWWWN WHE NNKF RP NHK KE NNNYEFNNNYKFNNXY DN WwW 


Code Word 
msb Isb 


0010010010001000 
1000001001001000 
0010010000001000 
1000001000100100 
1000001000000100 
0010001001001000 
0100001000001000 
1001000000100000 
1000100100001000 
0001001000001000 
1000100010000100 
1000010010001000 
1000010001000100 
0000100100001000 
0000010010001000 
1000001000100100 
0000010000001000 
1000010000001000 
1000001001001000 
1000001000000100 
0000010000001000 
0100001000001000 
0000010010001000 
1001001000010000 
1001000100000100 
0000100100001000 
0100000100001001 
1001001000010000 
1001000100001000 
0001001000001000 
1001001000001000 
1000100000010000 
1001001001000010 
0010001001001000 
0010010000001000 
1001000100001000 
0010010010001000 
1001001000100001 
1001000100100010 
1001000100010001 
1001000010010010 
1001000010001001 
1001000001000010 
1001000000100001 
1000100100100001 
1000100010010001 
1001000010000100 
0010010000001001 
1001000010000100 





NB WD Re Be ee Be eB Se BR DW WW WW WN NK WWW WWW WW WN WNN WWWN WWNNNNNN NIO 


Code Word 
msb Isb 


0100010000010000 
1000001001001000 
0100010010010010 
1000001000100100 
1000001000000100 
0100010001000010 
0100001000001000 
1001000000100000 
1000100100001000 
0100010000100001 
1000100010000100 
1000010010001000 
1000010001000100 
0100001000100010 
0100001000010001 
1000001000100100 
0100000100010010 
0100000010000010 
0100000100100100 
0100000100000100 
0100000001000001 
0100001000001000 
0100000000100000 
1001001000010000 
1001000100000100 
0100000100000100 
0100000100001001 
1001001000010000 
1001000100001000 
0100000100100100 
1001001000001000 
1000100000010000 
1001001001000010 
0100001001000100 
0100100100000100 
1001000100001000 
0100000000100000 
1001001000100001 
0100100100100010 
0100100010000100 
0100100000010000 
0100000001000000 
0100100100010001 
0100100010010010 
0100100001000010 
1000100010010001 
1001000010000100 
0100100010000100 
1001000010000100 


NW WR RP Re RP BPN NRK KR WWW WR WW WNN HK WWWN WK NN HK KR WK KF WWW WWN RY NNY ND W 





byte 


242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
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Table G.1 - Main Conversion Table (concluded) 


Code Word 


Code Word 


Isb 


msb 





0001001000010010 
0001000100000010 
0001001000001001 
0001000010000001 
0000100100010010 
0000100010000010 
0000100100001001 
0000100001000001 
0000010010010010 
0000010001000010 
0000010010001001 
0000010000100001 
0000001001000100 
0000001000001000 


Next 


Stat 


oO 


DM ee ee ee a 





msb Isb 
0001001000010010 
0001000100000010 
0100100000100001 
0001000010000001 
0000100100010010 
0000100010000010 
0100010010010001 
0000100001000001 
0000010010010010 
0000010001000010 
0100010000100010 
0000010000100001 
0100010000010001 
0100001000010010 


Bee ee ee eee eH HEH IO 





Code Word 


msb Isb 





1000000010000000 
1000100001001001 
0001001000001001 
1000100000100010 
1000100000010001 
1000010000010010 
0000100100001001 
1000010000001001 
1000001000000010 
1000000100000001 
0000010010001001 
0100100010001001 
1001000000010000 
1000100100010000 


Next 


Stat 


oO 


NN FP eee eee eee pp 


Code Word 
Isb 


msb 





1000000010000000 
1000100001001001 
0100100000100001 
1000100000100010 
1000100000010001 
1000010000010010 
0100010010010001 
1000010000001001 
1000001000000010 
1000000100000001 
0100010000100010 
0100100010001001 
0100010000010001 
0100001000010010 


Next 


Stat 


oO 


ep ek me ee he ee 
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Table G.2 - Substitution table (continued) 





byte Code Word Next Code Word Next Code Word Next Code Word Next 
msb Isb | Stat | msb Isb | Stat | msb Isb | Stat | msb Isb | Stat 

e e e e 

0 0000010010000000 4 0000010010000000 4 0100100001001000 2 0100100001001000 2 
1 0000100100000000 4 0000100100000000 4 0100100001001000 3 0100100001001000 3 
2 0001001000000000 4 0001001000000000 4 0100100000001001 1 0100100000001001 1 
3 0000001001000000 4 0100010000000001 1 1000001000000000 4 0100010000000001 1 
4 0000000100100000 3 0100100000000010 1 1001000000000100 3 0100100000000010 1 
5 0000000010010000 3 0100001000000000 4 1001000000100100 3 0100001000000000 4 
6 0000000001001000 3 0100100000000100 2 1001000001001000 3 0100100000000100 2 
7 0000000001001000 2 0100000100000000 4 1001000000000100 2 0100000100000000 4 
8 0000000010010000 2 0100100010010000 3 1001000000100100 2 0100100010010000 3 
9 0000000100100000 2 0100100000100100 2: 1001000001001000 2 0100100000100100 2 
10 0000010001000000 4 0000010001000000 4 1001001001000000 4 1001001001000000 4 
11 0000100010000000 4 0000100010000000 4 1000100001001000 3 1000100001001000 3 
12 0001000100000000 4 0001000100000000 4 0100010001001000 3 0100010001001000 3 
13 0010001000000000 4 0010001000000000 4 1000100000000100 3 1000100000000100 3 
14 0000001000100000 3 0100100000000100 3 1001000010010000 3 0100100000000100 3 
15 0000000100010000 3 0100100010010000 2 1001000100100000 3 0100100010010000 2 
16 0000000010001000 3 0100001000000001 1 0100100000001000 3 0100001000000001 1 
17 0000000001000100 3 0100010000000010 1 0100100010001000 3 0100010000000010 1 
18 0000000001000100 2 0100100000100100 3 1001000010010000 2 0100100000100100 3 
19 0000000010001000 2 0100100100100000 3 1001000100100000 2 0100100100100000 3 
20 0000000100010000 2 0100100100100000 2 0100010001001000 2 0100100100100000 2 
21 0000001000100000 2 0100100000010010 1 0100100000001000 2 0100100000010010 1 
22 0000010010000001 1 0000010010000001 1 1000100000100100 3 1000100000100100 3 
23 0000100100000001 1 0000100100000001 1 1000100010010000 3 1000100010010000 3 
24 0001001000000001 1 0001001000000001 1 0100100010001000 2 0100100010001000 2 
25 0010010000000001 1 0010010000000001 1 1000100000000100 2 1000100000000100 2 
26 0000000001001001 1 0100010000000100 3 1000010000000001 1 0100010000000100 3 
27 0000000010010001 1 0100000100000001 1 1000100000000010 1 0100000100000001 1 
28 0000000100100001 1 0100010000000100 2 1001000000001001 1 0100010000000100 2 
29 0000001001000001 1 0100001000000010 1 1001000000010010 1 0100001000000010 1 
30 0000100001000000 4 0000100001000000 4 1000100000100100 2 1000100000100100 2 
31 0001000010000000 4 0001000010000000 4 1000100001001000 2 1000100001001000 2 
32 0010000100000000 4 0010000100000000 4 0100010000001001 1 0100010000001001 1 
33 0000010000100000 3 0000010000100000 3 0100100001001001 1 0100100001001001 1 
34 0000001000010000 3 0100010000010010 1 1000100100100000 3 0100010000010010 1 
35 0000000100001000 3 0100100000010001 1 1001000000001000 3 0100100000010001 1 
36 0000000010000100 2 0100000010000000 4 1001000001000100 3 0100000010000000 4 
37 0000010000100000 2 0000010000100000 2 1000001000000001 1 1000001000000001 1 
38 0000000010000100 2 0100010000100100 3 1000100010010000 2 0100010000100100 3 
39 0000000100001000 2 0100010000100100 2 1000100100100000 2 0100010000100100 2 
40 0000001000010000 2 0100100000100010 1 1001000000001000 2 0100100000100010 1 
41 0000010001000001 1 0000010001000001 1 1000010000000010 1 1000010000000010 1 
42 0000010010000010 1 0000010010000010 1 1000000100000000 4 1000000100000000 4 
43 0000100010000001 1 0000100010000001 1 1001000001000100 2 1001000001000100 2 
44 0000100100000010 1 0000100100000010 1 1000100000001001 1 1000100000001001 1 
45 0001000100000001 1 0001000100000001 1 1001000010001000 3 1001000010001000 3 
46 0001001000000010 1 0001001000000010 1 1001000100010000 3 1001000100010000 3 











Code Word 


msb 


0010001000000001 
0010010000000010 
0000000001000010 
0000000010001001 
0000000010010010 
0000000100010001 
0000000100100010 
0000001000100001 
0000001001000010 
0001000001000000 
0010000010000000 
0010010010010000 
0010010001001000 
0010010000100100 
0010010000000100 
0001001001001000 
0001001000100100 
0001001000000100 
0000100100100100 
0000100100000100 
0000100000100000 
0000010010000100 
0000010000010000 
0000001001000100 
0000001000001000 
0000000100100100 
0000000100000100 
0000010000010000 
0001001001001000 
0000010010000100 
0000100000100000 
0010010001001000 
0000100100000100 
0000100100100100 
0001001000000100 
0001001000100100 
0010010000000100 
0010010000100100 
0010010010010000 
0000000100000100 
0000000100100100 
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Table G.2 - Substitution table (concluded) 


NONNNNNNNNNNNN KN W W WWW WWW WWW WWW Ww WwW BP Be Re Re RR RR Re 


Code Word 
msb Isb 


0010001000000001 
0010010000000010 
0100100010010001 
0100100001000100 
0100010010010000 
0100010010010000 
0100100001000100 
0100100100100001 
0100100100010000 
0001000001000000 
0010000010000000 
0010010010010000 
0100100100010000 
0010010000100100 
0010010000000100 
0100000010000001 
0001001000100100 
0001001000000100 
0000100100100100 
0000100100000100 
0000100000100000 
0000010010000100 
0000010000010000 
0100001000000100 
0100100000010000 
0100010001000100 
0100001000100100 
0000010000010000 
0100001000000100 
0000010010000100 
0000100000100000 
0100000100000010 
0000100100000100 
0000100100100100 
0001001000000100 
0001001000100100 
0010010000000100 
0010010000100100 
0010010010010000 
0100001000100100 
0100010001000100 


NONNNNNNN NYFF NN WN WW WN WWW WWW WR WwW WN WY BP BWR NN WW RH KS YK 10 





Code Word 


msb 


1000100000010010 
0100010000001000 
1001000000010001 
1001000000100010 
1001000001001001 
1001000010010001 
1001000100100001 
1001001001000001 
0100001000001001 
1001001000100000 
1001000010001000 
1001000100010000 
0010010001001000 
1001001000100000 
0100001001001000 
0001001001001000 
0100001001001000 
0100010010001000 
0100100100001000 
1000010000000100 
1000010000100100 
1000010001001000 
1000010010010000 
1000100000001000 
1000100010001000 
1000100100010000 
1001000000010000 
1000100001000100 
0001001001001000 
0100010000001000 
0100010010001000 
0010010001001000 
0100100100001000 
1000010000000100 
1000010000100100 
1000010001001000 
1000010010010000 
1000100000001000 
0100010001001001 
1000100001000100 
1000100010001000 


NNFNNNNNNNNDN DNDN W W WW WW WWW WWW WN NN WN DN WR ee Re Re ee De 


Code Word 
msb Isb 


1000100000010010 
0100010000001000 
0100100010010001 
0100100001000100 
0100010010010000 
0100010010010000 
0100100001000100 
0100100100100001 
0100100100010000 
1001001000100000 
1001000010001000 
1001000100010000 
0100100100010000 
1001001000100000 
0100001001001000 
0100000010000001 
0100001001001000 
0100010010001000 
0100100100001000 
1000010000000100 
1000010000100100 
1000010001001000 
1000010010010000 
0100001000000100 
0100100000010000 
0100010001000100 
0100001000100100 
1000100001000100 
0100001000000100 
0100010000001000 
0100010010001000 
0100000100000010 
0100100100001000 
1000010000000100 
1000010000100100 
1000010001001000 
1000010010010000 
1000100000001000 
0100010001001001 
0100001000100100 
0100010001000100 


NNYFNNNNNNYKF NN WW WW WN WWW WW WW re NNNNN WW WYNN WW We 
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Annex H 


(normative) 


Burst Cutting Area (BCA) 


The BCA is an option available only for Type A and Type C disks, where the application is not a typical video application. If 
implemented, it shall meet the requirements of this annex. 


The purpose of the code recorded in the BCA is to provide a link between the content of a disk and the software to be used 
with that disk. Therefore, only the structure of this code is specified in this annex and not the content of the data bytes. The 
latter is to be supplied by the content provider of the disk. The BCA code can be the same for a series of disks or unique for 
each disk, for instance if it specifies a serial number. The BCA code is recorded after the end of the disk manufacturing 
process. 


The BCA code shall be readable by means of the PUH specified in 9.1. It can be written on the recorded layer of a Type A 
disk and on Layer 1 of a Type C disk by means of a high-power system such as a YAG laser, a method called “burst cutting”. 
The BCA code can also be obtained by means of a replication process using embossed pits if the read-out signals satisfy the 
requirements specified below. 


H.1 Location of the BCA 


The BCA is an annular area which shall extend between diameters dj 1 and d}7 shown in figure 7 


+0,0 mm 
d, 1 = 44,6 mm 

- 0,8 mm 

+0,1 mm 
d17= 47,0 mm 

-0,1 mm 


According to 10.6 the Lead-in Zone can start within the area defined by dg = 44,0 mm max and d7 = 45,2 mm max. If 
the BCA is implemented, d7 shall be restricted to 44,5 mm max. 


The BCA code shall be written with a series of low reflectance stripes arranged in circumferential direction and 
extending radially between dj 1 and d19 ,see figure H.1. 






Burst Cutting Area 


97-0030-A 


Figure H.1 - Burst Cutting Area 
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Modulation method 


Data intended for the BCA code shall be encoded by phase encoding according to which a ZERO bit is represented by 
two Channel bits set to ONE ZERO and a ONE bit by two Channel bits set to ZERO ONE. The sequence of Channel 
bits shall be modulated according to the Return-to-Zero modulation method (see figure H.4). The low reflectance 
stripes shall be formed corresponding to pulses after the RZ modulation. They shall not exceed half the width of a 
Channel bit. 


BCA code structure 
The BCA code shall consist of a Preamble, a Data field and a Postamble. 


Resync BCA data 
1 byte 4 bytes 


l row BCA Preamble 


4n rows Information data 


l row EDC. A 


RSpgca3 


RSpcais , ; , , 4 rows ECCgca 


RSpcai3 
RSpcai3 





1 row BCA Postamble 





97-0031-A 


Figure H.2 - BCA code structure 


The BCA Preamble shall consist of 4 bytes PRg to PR3 set to (00) preceded by a BCA Sync byte identified as 
SBBCA: 
The Data field of the BCA shall consists of 


— (16 x n)-4 information bytes Io, Ty ....1,6n-5 
- 4bytes Do, Dj, D2 and D3 of an error detection code EDCRc a 


- 16 bytes C; ; of an error correction code ECCRc recorded in the order 
Coo to C39 ‘ Cot to C31 : Co2 to C39 and Co3 to C33 


H.4 


H.5 
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- where n is an integer such that 1 <n <12 


— aResync byte RSpc 4; Shall be inserted before each 4-byte row of I; bytes, 
changing every 4th row (see figure H.3) 


The BCA Postamble shall consist of 4 bytes POg to PO3 set to (55) and preceded by Resync byte RSpca 14 and 
followed by Resync byte RSBCA 15: 


Error Detection Code EDCBCA 


The 4 bytes Dg to D3 shall follow the information bytes I;. Polynomials EDCRca(x) and Ipca(%) shall be as 
follows. 


31 
EDCgc a(x) =» - xt 
= 


128n-1 
Ipca(x) = > bj x 
Aa 2 32 


where i is the bit number starting with 0 and counted from the Isb of the last byte of EDCgca to the msb of the first 
byte of information data. The value of the i-th bit is represented by bj. The polynomial EDCRca(x) shall be 
calculated as follows 


EDCgca(*) = Ipca(x) mod G(x) 
where G(x) = x32 4x3145441 


BCA Error Correction Code ECCBCA 


A Reed-Solomon ECC code with a 4-way interleave shall be applied to the information data and the EDCRCA 
Polynomials Rac Aj) and Ipc Aj) shall be as follows. 


3 
Recaj@ = > C,ix37 
i=0 


An-2 


IBcaj@ =, dla PED an 


Where I, represents the m-th information data byte and Dy represents the k-th EDCpca byte. 
The polynomial Rac Aj) shall be calculated as follows: 


Rpcaj@) = TBcaj) mod Gppca() 


3 


Gppca® = IT (x+ ok) 
k=0 


H.6 


H.7 
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where a is the primitive root of the polynomial Gp) =x8 45445343241 


Bit pattern of the SBBca byte and of the RSBca bytes 
The BCA Sync byte SBRca and the Resync bytes RSpc jj shall have the patterns shown in figure H.3 
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Figure H.3 - Bit patterns of the SBgc a, byte and the RSpca, bytes 
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BCA Signal specification 
The read-out signal from the BCA shall meet the following requirements (figure H.4) . 


— The amplitude level I; which is the signal corresponding to a low-reflectance stripe shall not exceed Jy 4, or 
Ty4yH/5. 


— The Channel bit length of a BCA Channel bit, expressed in microseconds, shall be 8,89 us at a rotational speed of 
1 440 rpm ( 24 Hz). 


- An edge position of the BCA signal shall be the position at which the BCA signal crosses the mean level between 
I, and J 
S 14H 


— The length of pulses corresponding to the low-reflectance stripe shall be 3,00 us + 1,50 us. 


— The deviation of the time interval between successive leading edges shall not exceed 2,00 us. 
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— The deviation of the time interval between the centres of successive pulses shall not exceed 1,50 us. The centre of 
a pulse shall be the middle point between the leading edge and the trailing edge. 


Data 0 1 0 1 0 0 1 l 
PE 


RZ 





8,89n us + 2,00 us 





n=1,2,3 or 4 
Figure H.4 - Read-out signal from the BCA 
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Annex J 


(normative) 


Source Identification Code (SID) 


General 
The requirements of this annex apply only to DVD-Read-Only disks using the DVD Audio Format. 


The Source Identification Code (SID) shall be recorded on the inner side of the disk. It shall consist of visible 
characters such as the Registered Mark (™), a registered number of a laser beam recorder or a registered number of 
the mould by means of which the disk has been produced. 


The SID Code shall consist of two elements : The Mastering Code and the Mould Code. The Mastering Code shall be 
generated by using the Laser Beam Recorder (LBR), thus it exist on the stamper. The Mould Code shall be etched on 
a mould, preferably on the mirror block. When a substrate is replicated, the Mastering Code shall be recorded on the 
side of the substrate on which the embossed data pits are recorded, and the Mould Code shall be recorded on the other 
side of the substrate. This annex specifies the area for the mandatory SID Code as well as an additional area in which 
other characters may be recorded, for instance the name of the manufacturer of the disk. 


Requirement for implementation 


The requirements of this annex apply only to DVD - Read-Only disks using the DVD Audio Format. The 
implementation of this annex is optional. If implemented all requirements of this annex are mandatory. 


Recommendation 
It is recommended to record the SID Code also on DVD-Read-Only disks other than those used in audio applications. 


Mastering Code 
Location 


The Mastering Code shall be recorded within a zone delimited by a maximum radius of 22,5 mm. It shall be in an 
area where the reflecting layer exists. If the BCA option (See annex H) is implemented, the position of the 
Mastering Code shall be shifted toward the centre of the disk so that it does not overlap with the BCA. 


Legibility 
The height of the Mastering Code shall be 0,5 mm min. It shall be legible without magnification. It shall be 


readable from right to left when seen from the entrance surface of the disk. The position of the stack ring shall be 
chosen so as not to be over the Mastering Code. 


Structure and space allocation 
The area in which the Mastering Code is recorded shall be divided into two parts (Figure J.1). 


In the first one either the characters of the International Federation of Photographic Industry (IFPI) in capital letter 
or the logo of IFPI shall be recorded. 


In the second part of this area the LBR identification shall be recorded as a 4-character alpha-numeric identifier. 


The area in which the Mastering Code shall be recorded shall consist of an arc of 30° max. The Mastering Code 
shall be clearly separated from other characters. 


A further arc of 30° shall be reserved for future use. 


J.4.4 


J.5 
J.5.1 
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Area for the Identifier 
Mastering Code of the LBR 


eserved area 
for future use 








Centre of 
the disk 










22,5 mm max. 


Area for characters required by 
local legislation or user-defined 
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Figure J.1 - Mastering Code space allocation 
Relaxation of requirements 
In a number of situations, the requirements for the Mastering Code may be relaxed. 
a) Single layer single-sided disk 


If the dummy substrate side of the disk is made from a scrap program disk, it shall bear the Mastering Code even if 
it does not contain the reflective layer. 


b) Dual layer single-sided disk 


The Mastering Code shall be recorded in both Layer 0 and Layer 1. At least the Mastering Code of one of the 
layers shall be legible. 


c) Single layer doubled-sided disk 


The Mastering Code shall be recorded on both sides of the disk. However, its readability may be diminished due to 
restrictions in the printed area. 


Mould Code 


Location 


The Mould Code shall be recorded within a zone limited by a maximum radius of 22,5 mm. If BCA option (See 
annex H) is implemented, the position of the Mould Code shall be shifted toward the centre of the disk so that it 
does not overlap with the BCA. 


The Mould Code shall not be recorded in the Clamping Zone. It shall not be over the Mastering Code or user- 
defined characters such as the name of the manufacturer. The Mould Code shall be placed in a portion of the mould 
that is not easily exchanged. 


J.5.2 


J.5.3 


J.5.4 


J.5.5 


~ 7.3) 


Legibility 
The height of the Mould Code shall be 0,5 mm min. It shall be legible without magnification. It shall be readable 


from right to left when seen from the entrance surface of the disk. Its layout shall be either radial or linear. It shall 
be readable from right to left when seen from the entrance surface of the disk. 


Structure and space allocation 
The area in which the Mould Code is recorded shall be divided into two parts (Figure J.1). 


In the first one either the characters of the International Federation of Photographic Industry (IFPI) in capital letter 
or the logo of IFPI shall be recorded. 


In the second part of this area the mould identification shall be recorded as a 4-character alpha-numeric identifier. 
Area for the Identifier 


Mould Code —— ue of the mould 


Figure J.2 - Mould Code allocation 
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Relaxation of requirements 


The Mould Code shall be recorded on all substrates, whether or not containing valid contents, including blank 
disks. Overprinting the Mould Code for decorative purpose is allowed. 


Remaining of the sector area 


The remaining of the sector not used for the SID Code can be used for characters required by local legislation or by 
user-defined characters. 
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Annex K 


(informative) 


Measurement of the thickness of the spacer of Dual Layer disks 


This annex indicates two convenient methods for measuring the thickness of the spacer which is the layer of transparent 
material between Layer 0 and Layer | of Dual Layer disks. 


K.1 


K.2 


Laser focusing method 


Laser is focused sequentially on each recorded layer by means of an objective lens. The distance by which the lens 


must be moved equals the thickness of the spacer. As an example, figure K.1 shows schematically an implementation 
of a Type C disk. 


‘ ee Substrate 


Layer 0 
Spacer 
d Layer 1 


+—————_Dum my substrate 
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Figure K.1 - Measurement of the thickness of the spacer 


Interferometer method 


Light with varying wavelength is used with a Dual Layer disk (figure K.2). The thickness d of the spacer of known 
index of refraction n is determined by measuring the phase difference between the reflected light from Layer 0 and 
from Layer 1. 
The thickness is obtained from the relation 

d= A, xA, 
2n(a, - a) 


where n is the index of refraction of the spacer. 
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Reflected Light Intensity 
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Wavelength (nm) 


Figure K.2 - Reflected light intensity 
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Annex L 


(informative) 


Note on the Reference Code 


The purpose of the Reference Code is to provide Channel bit patterns that generates (3T-6T-7T) separating signals. A drive 
may use these signals to adjust the equalizer for reading HF signals. This annex describes a practical method for generating the 
required Channel bit patterns. 


As described in Section 4, Main Data is scrambled before generating ECC bytes. In order to get, after scrambling and ECC 
bytes generation but just before modulation, a specific data pattern that will generate 3T, 6T and 7T modulated channel 
signals, pre-scrambling is applied to the Main Data. If the pre-scrambling data is the same as the normal scrambling data used 
by the encoding process described in this ECMA Standard, then the same scrambling data is added twice to the user data and 
non-scrambled data appears just before generating the ECC bytes. This means that the Recording Frames contain fixed data 
patterns which are duplicates of the Main Data, except for the ECC bytes. The pre-scrambling data is added to all 32 Data 
Frames used in the Reference Code Zone, except to the first 160 Main Data bytes of the first Data Frame in each ECC Block, 
so as to avoid large DSV values. 


The following steps show how to process the Main Data intended for the Reference Code before it is fed into the encoding 
system. 


Step 1 
Set all Main Data bytes of the 32 Data Frames to (AC). 


Step2 


This step is applied to the Data Frames intended for Physical Sectors with Sector Numbers 192 512, (02F000) to 192 543, 
(O2FOIF). 


To Physical Sectors with Sector Numbers from 192 512 (02F000) to 192 527 (O2FOOF) add the pre-scrambling data, 
generated using the scrambling procedure of clause 17 with the initial pre-set number (0) to all Main Data bytes, except the 
first 160 of the Physical Sector with Sector Number 192 512, (02F000). 


To Physical Sectors with Sector Numbers from 192 528, (02F010) to 192 543, (02FOIF) add the pre-scrambling data, 
generated using the scrambling procedure of clause 17 with the initial pre-set number (1), to all Main Data bytes, except the 
first 160 such bytes of the Physical Sector with Sector Number 192 528, (02F010). 


= F8 ~ 
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Annex M 


(informative) 


Maximum transfer rate 


The maximum transfer rate is the rate at which the recorded content of a disk has to be transferred in order to sustain the 
application. The possible values of this transfer rate are specified by Byte 1 in 26.5.1. This information may be useful for the 
drive for controlling the rotational speed of the disk. 






Variable rate 





Buffer 








4 Mbits 





11,08 Mbits 10,08 Mbit/s 


CLV 
Start/stop 
Jump back Buffer is full ? 
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Figure M.1 - Example of a DVD video player 


The DVD video drive shown in figure M.1 has a buffer of 4 Mbits. For video applications the maximum transfer rate is 
10,08 Mbit/s, it is the rate at which the content of the buffer has to be transferred to the decoder. If the minimum transfer rate 
from the disk to the buffer - i.e. the input rate into the buffer - is higher than the specified maximum transfer rate - i.e. the 
output rate from the buffer - then, after some time, the buffer is filled. The pick-up head stops reading, using jump back mode, 
until the data content of the buffer is decreased. Thus the video player can be seen as a kind of asynchronous system. 


In order to ensure a seamless reproduction, the bit rate of the data input to the buffer should be larger by 1 Mbit/s than the bit 
rate out of the buffer. Usually a DVD video disk is rotated in CLV mode and the read-out rate of the player is 11,08 Mbit/s. If 
the drive knows the information about the maximum transfer rate, it can determine the appropriate minimum read-out rate and 
the minimum rotational speed. 


For applications that do not require a high transfer rate, a drive may rotate the disk in slow rotation mode and, thus, reduce its 
power consumption. This slow rotation mode is particularly convenient for battery-operated drives. This is the main reason 
why three different maximum transfer rates are specified in Byte 1 of 26.5.1. 
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Annex N 


(informative) 


Disk bonding 


Disk bonding at the centre hole of the disk 


In the area of the centre hole, the disks may exhibit an empty gap between the two substrates. Thus, it is possible that 
the clamping finger of some clamp mechanisms, for instance of a notebook drive, extends into this gap, so that a 
deformation or even a damage of the disk occurs. There is also a possibility that these gaps could be the cause of axial 
errors in case that dust or humidity has entered the space between the two substrates. 


' ’ 


= os Pepe 
[7° Ss" 
ssi ial ro 


Figure N.1 - Action of the clamping finger 


It is recommended that the area from the inner diameter of the Clamping Zone to the outer diameter of the Lead-out 
Zone (or Middle Zone) be glued. It is also recommended that the gap between the two substrates be as narrow as 
possible in order to prevent the clamping finger to extend into it. Furthermore, it is recommended that the 
specification of the clamping force and/or the taper angle of the clamping device be such as to avoid definitive 
damage of the disk. These considerations should be kept in mind when implementing clause 7 where it reads : ’The 
centring of the disk is performed on the edge of the centre hole of the assembled disk on the side currently read. 
Clamping is performed in the Clamping Zone.” 


Disk bonding at the outer edge of the disk 


There are many disks on the market where the glue protrudes from the outer edge of the disk. In one case, the 
protruded glue may be not or partially cured (figure N.2). In another case, the protruded glue sticks out from the outer 
edge of the disk onto the laser entry surface like a burr (figure N.3). When a tray loader is used, it is possible that the 
clamping will fail because the disk outer edge is sticking to the tray (figure N.4). When a slot-in type loader is used, it 
is possible that the disk is also not loaded normally because the uncured glue is sticking to the guide shaft or drive 
roller (figure N.5). When the disk with burr is loaded, the loader may get scratched. 


Thus, it is recommended for a disk that the glue protruded from the disk outer edge is fully cured and there is no 
protruded burr that exceeds the laser entry surface. 
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Figure N.2 - Uncured glue 
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Figure N.3 - Burr 
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Figure N.4 - Tray-loader mechanism 
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Figure N.5 - Slot-in mechanism 
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Annex P 
(informative) 


Transportation 


General 


As transportation occurs under a wide range of temperature and humidity variations, for differing periods, by many 
methods of transport and in all parts of the world, it is not possible to specify mandatory conditions for transportation 
or for packaging. 


Packaging 
The form of packaging should be agreed between sender and recipient or, in absence of such an agreement, is the 
responsibility of the sender. It should take into account the following hazards. 


Temperature and humidity 


Insulation and wrapping should be designed to maintain the conditions for storage over the estimated period of 
transportation. 


Impact loads and vibrations 

a) Avoid mechanical loads that would distort the shape of the disk. 

b) Avoid dropping the disk. 

c) Disks should be packed in a rigid box containing adequate shock-absorbent material. 


d) The final box should have a clean interior and a construction that provides sealing to prevent the ingress of dirt 
and moisture. 


Free printed copies can be ordered from: 


ECMA 

114 Rue du Rhone 

CH-1204 Geneva 

Switzerland 

Fax: +4122 849.60.01 
Internet: documents@ecma.ch 


Files of this Standard can be freely downloaded from the ECMA web site (www.ecma.ch). This site gives full information on 
ECMA, ECMA activities, ECMA Standards and Technical Reports. 
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